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PRELIMINARY AMENDMENT 
Prior to examination, please amend the application as 

follows : 

In the Specification: 

On the cover page for the specification, please insert 
Takashi Ebisawa as a second inventor beneath the name of Steven 
M. Reppert. A new, replacement cover page indicating this change 
is enclosed for your use. 

On page 1, delete paragraph 1 (lines 5-12) and replace 
with the following paragraph: --This application is a divisional 
of U.S. Application Serial No. 08/466,103, filed June 6, 1995, 
which application is a continuation-in-part of U.S. Application 
Serial No. 08/319,887, filed October 7, 1994, now abandoned, 
which application is a continuation in-part of U.S. Application 
Serial No. 08/261,857, filed June 17, 1994, now abandoned, all of 
which applications are incorporated herein by reference in their 
entirety. 
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In the Claims: 

Cancel claims 1-17, 31 and 32. 

24. (Amended) The receptor protein of claim [14] 18 , 
having an amino acid sequence substantially identical to the 
amino acid sequence shown in Fig. 6 (SEQ ID N0:6) . 

35. (Amended) The method of claim [25 or 26] 33 , 
wherein said cell is a mammalian cell which normally presents 
substantially no high-affinity melatonin receptor on its surface. 



REMARKS 

Upon entering of this amendment, claims 18-3 0 and 3 3-36 



will be pending in this new divisional application, claims 1-17, 
31 and 32 having been cancelled. 



Claim 24 has been amended to depend from claim 18 and 



claim 35 has been amended to depend from claim 33. These 
amendments have been made to correct the claim dependencies of 
claims 24 and 35, which were incorrect due to typographical 
errors. No new matter has been added. 
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PATENT 

ATTORNEY DOCKET NO: 0Cf786-276001 

HIGH-AFFINITY MELATONIN RECEPTORS AND USES THEREOF 

CrosS"Ref erence to Related Applications 
5 This application is a continuation-in-part of our 

earlier filed (pending) U.S. application Serial No. 
08/319,887 filed October 7, 1994 which application is a 
continuation-in-part of our earlier filed (pending) U.S. 
application Serial No. 08/261,857 filed June 17, 1994 which 
10 application is incorporated herein by reference in its 

entirety and to which application we claim priority under 
35 use §120. 

Statement as to Federally Sponsored Research 
This invention was made at least in part with funds 
15 from the Federal government, and the government therefore 
= has rights in the invention. 

n Background of the Invention 

The invention relates to nucleic acids and their 
: 1 encoded high-affinity melatonin receptor proteins. 

^J) 20 The high-affinity melatonin receptor is a membrane 

protein that is coupled to guanine nucleotide binding 
proteins (G proteins). G proteins, in turn, communicate 
ligand-activated receptor signals to the appropriate 
intracellular effector system (s ) . The hormone, melatonin, 
25 inhibits adenylyl cyclase causing a decrease in 
intracellular cyclic AMP (cAMP) concentration. 

Melatonin, the principal hormone of the vertebrate 
pineal gland, elicits potent neurobiological effects. 
Melatonin influences circadian rhythm and mediates the 
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effects of photoperiod on reproductive function in 
seasonally breeding marmials. In humans, melatonin 
administration has been shown to alleviate the symptoms of 
jet lag after air travel across several time zones. The 
5 hormone also has potent sedative effects in humans and may 
be a useful hypnotic agent. 

Melatonin exerts its photoperiodic and circadian 
effects through pharmacologically specific, high-affinity 
receptors (Dubocovich, M.L. and Takahashi, J., P.N.A.S* USA 

10 (1987) 84:3916-3920; Vanecek, J., J. Neurochem* (1988) 

51:1436-1440; Reppert et al., (1988) supra ) . In seasonally 
breeding mammals, pineal melatonin secretion regulates 
seasonal responses to changes in day length (Bartness, T.J. 
and Goldman, B.D., Experientia (1989) 45:939-945; Karsch et 

15 al.. Recent Prog. Horm. Res. (1984) 40:185-232). The only 
site containing melatonin la receptors in all photoperiodic 
species examined to date (Weaver, et al., Suprachiasmatic 
nucleus: the mind^s clock . Klein, D.C., Moore, R.Y, and 
Reppert, S.M. , eds. New York: Oxford University Press; 

20 (1991) pp. 289-308) is the pars tuberalis (PT) , a portion of 
the pituitary gland. In contrast to other species, in 
humans melatonin la receptors are not consistently present 
in the PT. 

High-affinity melatonin-la (Mel-la) receptors are 
25 located in discrete regions of the vertebrate central 
nervous system of several mammalian species, including 
humans. Binding studies using the ligand 2-[^^I]- 
iodomelatonin (^^I-melatonin or ['^I]MEL) have identified 
high-affinity melatonin la receptors (K^ < 2x10"^^ M) in sites 
3 0 such as the suprachiasmatic nuclei (SCN) , the site of a 

biological clock that regulates numerous circadian rhythms 
(Reppert et al., Science (1988) 242:78-81). To date, high- 
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affinity melatonin receptors have not been identified in 
central nervous system tissues other than brain. 

Receptor affinity is sensitive to guanine 
nucleotides and activation of the receptors consistently 
5 leads to the inhibition of adenylyl cyclase through a 

pertussis toxin-sensitive mechanism (Rivkees, S.A. et al., 
P,N.A,S. USA (1989) 86:3883-3886; Carlson, L.L. et al., 
Endocrinoloav (1989) 125:2670-2676; Morgan, P.J. et al., 
Neuroendocrinoloqy (1989) 50:358-362; Morgan, P.J. et al., 
10 J. Neuroendocrinol . (1990) 2:773-776; Laitinen, J.T. and 

Saavedra, J.M., Endocrinoloav (1990) 126:2110-2115). High- 
affinity melatonin receptors thus appear to belong to the 
superfamily of G protein-coupled receptors. 

Summary of the Invention 

15 In general, the invention features substantially 

pure DNA (cDNA or genomic DNA) encoding a high-affinity 
melatonin la receptor in brain and melatonin lb receptor in 
retina. The invention also features substantially pure 
high-affinity melatonin la and lb receptor polypeptides. In 

20 preferred embodiments, the receptor includes an amino acid 
sequence substantially identical to the amino acid sequence 
shown in Fig. 1 (SEQ ID N0:2); Fig. 2 (SEQ ID N0:4); Fig. 3 
(SEQ ID NO: 14); Fig. 5 (SEQ ID NO: 12) or comprising the 
amino acid sequence of Fig. 4 (SEQ ID NO: 6) for melatonin- la 

25 receptors. 

The invention also features a new class of melatonin 
receptor designated melatonin-lb (Mel-lb) distinguished by 
its tissue distribution and binding characteristics. In 
preferred embodiments, the Mel-lb receptor includes an amino 

30 acid sequence substantially identical to the amino acid 
sequence shown in Fig. 6 (SEQ ID NO: 16). 
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The invention includes a polypeptide having an amino 
acid sequence which includes a domain capable of binding 
melatonin and bringing about a decrease in intracellular 
CAMP concentration, and which is at least 80% identical to 
the amino acid sequence shown in Figs. 1-6. The invention 
also features a substantially pure polypeptide which is a 
fragment or analog of a high-affinity melatonin-la or 
melatonin-lb receptor and which includes a domain capable of 
binding melatonin and bringing about a decrease in 
intracellular cAMP concentration. 

In various preferred embodiments, the receptor or 
receptor fragment is derived from a vertebrate animal, 
preferably, hximan, sheep, mouse, or Xenopus laevis. 

By "high-affinity melatonin receptor polypeptide" is 
meant all or part of a vertebrate cell surface protein which 
specifically binds melatonin and signals the appropriate 
melatonin-mediated cascade of biological events (e.g., a 
decrease in intracellular cAMP) concentration. The 
polypeptide is characterized as having the ligand binding 
properties (including the agonist and antagonist binding 
properties) and tissue distribution described herein. 

By a "polypeptide" is meant any chain of amino 
acids, regardless of length or post-translational 
modification (e.g., glycosylation) . 

By "substantially pure" is meant that the high- 
affinity melatonin receptor polypeptide provided by the 
invention is at least 60%, by weight, free from the proteins 
and naturally-occurring organic molecules with which it is 
naturally associated. Preferably, the preparation is at 
least 75%, more preferably at least 90%, and most preferably 
at least 99%, by weight, high-affinity melatonin receptor 
polypeptide. A substantially pure high-affinity melatonin 
receptor polypeptide may be obtained, for example, by 



extraction from a natural source; by expression of a 
recombinant nucleic acid encoding a high-affinity melatonin 
receptor polypeptide, or by chemically synthesizing the 
protein. Purity can be measured by any appropriate method, 
e.g., column chromatography, polyacrylamide gel 
electrophoresis, or HPLC analysis. 

By a "substantially identical" amino acid sequence 
is meant an amino acid sequence which differs only by 
conservative amino acid substitutions, for example, 
substitution of one amino acid for another of the same class 
(e.g., valine for glycine, arginine for lysine, etc.) or by 
one or more non-conservative amino acid substitutions, 
deletions, or insertions located at positions of the amino 
acid sequence which do not destroy the biological activity 
of the receptor. Such equivalent receptors can be isolated 
by extraction from the tissues or cells of any animal which 
naturally produce such a receptor or which can be induced to 
do so, using the methods described below, or their 
equivalent; or can be isolated by chemical synthesis; or can 
be isolated by standard techniques of recombinant DNA 
technology, e.g., by isolation of cDNA or genomic DNA 
encoding such a receptor. 

By "derived from" is meant encoded by the genome of 
that organism and present on the surface of a subset of that 
organism's cells. 

In another related aspect, the invention features 
isolated DNA which encodes a high-affinity melatonin-la or 
melatonin-lb receptor (or receptor fragment or analog 
thereof) described above. Preferably, the purified DNA is 
cDNA; is CDNA which encodes a Xenopus laevis high-affinity 
melatonin receptor; is cDNA which encodes a sheep high- 
affinity melatonin-la receptor; and is cDNA which encodes a 



hxman high-affinity melatonin-la; and is cDNA which encodes 
a hizman high-affinity melatonin-lb receptor* 

By "isolated DNA" is meant a DNA that is not 
immediately contiguous with (i.e., covalently linked to) 
both of the coding sequences with which it is immediately 
contiguous (i.e., one at the 5' end and one at the 3' end) 
in the naturally-occurring genome of the organism from which 
the DNA of the invention is derived. The term therefore 
includes, for example, a recombinant DNA which is 
incorporated into a vector; into an autonomously replicating 
plasmid or virus; or into the genomic DNA of a prokaryote or 
eukaryote; or which exists as a separate molecule (e.g., a 
cDNA or a genomic or cDNA fragment produced by PGR or 
restriction endonuclease digestion) independent of other 
sequences. It also includes a recombinant DNA which is part 
of a hybrid gene encoding additional polypeptide sequence. 

In other related aspects, the invention features 
vectors which contain such isolated DNA and which are 
preferably capable of directing expression of the protein 
encoded by the DNA in a vector-containing cell; and cells 
containing such vectors (preferably exikaryotic cells, e.g., 
CHO cells (ATCC; Cat. No. CCL 61 or COS-7 cells (ATCC; Cat. 
No. CRL 1651) . Preferably, such cells are stably 
transfected with such isolated DNA. 

By "transformed cell" is meant a cell into which (or 
into an ancestor of which) has been introduced, by means of 
genetic engineering, a DNA molecule encoding a high-affinity 
melatonin receptor (or a fragment or analog, thereof) . Such 
a DNA molecule is "positioned for expression" meaning that 
the DNA molecule is positioned adjacent to a DNA sequence 
which directs transcription and translation of the sequence 
(i.e., facilitates the production of the high-affinity 
melatonin receptor protein, or fragment or analog, thereof) . 



By "specifically binds", as used herein, is meant an 
agent, such as melatonin, a melatonin analog or other 
chemical agent including polypeptides such as an antibody, 
which binds high-affinity melatonin receptor, receptor 
5 polypeptide or a fragment or analog thereof, but which does 
not substantially bind other molecules in a sample, e.g., a 
biological sample, which naturally includes a high-affinity 
melatonin receptor polypeptide. Preferably, the agent 
activates or inhibits the biological activity in vivo of the 

10 protein to which it binds. By "biological activity" is 

meant the ability of the high-affinity melatonin receptor to 
bind melatonin and signal the appropriate cascade of 
biological events (as described herein) . 

In yet another aspect, the invention features a 

15 method of screening candidate compounds for their ability to 
act as an agonist of a high-affinity melatonin-la or 
melatonin-lb receptor ligand. The method involves: 
a) contacting a candidate agonist compound with a 
recombinant high-affinity melatonin receptor (or melatonin- 

20 binding fragment or analog) ; b) measuring binding of the 
ligand to the receptor, the receptor polypeptide or the 
receptor fragment or analog; and c) identifying agonist 
compounds as those which bind the recombinant receptor and 
trigger a decrease in intracellular cAMP concentration. 

25 By an "agonist" is meant a molecule which mimics a 

particular activity, in this case, the ability of a high- 
affinity melatonin receptor ligand to bind a high-affinity 
melatonin receptor and to trigger the biological events 
resulting from such an interaction (e.g., decreased 

30 intracellular cAMP concentration) . An agonist may possess 
greater activity than the naturally-occurring high-affinity 
melatonin receptor ligand. 
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In yet another aspect, the invention features a 
method of screening a candidate compound for its ability to 
antagonize interaction between melatonin and a high-affinity 
melatonin receptor. The method involves: a) contacting a 
5 candidate antagonist compound with a first compound which 
includes a recombinant high-affinity melatonin receptor (or 
melatonin-binding fragment or analog) on the one hand and 
with a second compound which includes melatonin on the other 
hand; b) determining whether the first and second compounds 

10 bind; and c) identifying antagonistic compounds as those 
which interfere with the binding of the first compound to 
the second compound and which reduce melatonin-mediated 
decreases in intracellular cAMP concentration. 

By an "antagonist" is meant a molecule which 

15 inhibits a particular activity, in this case, the ability of 
melatonin to interact with a high-affinity melatonin 
receptor and to trigger the biological events resulting from 
such an interaction (e.g., decreased intracellular cAMP 
concentration. ) 

20 In preferred embodiments of both screening methods, 

the recombinant high-affinity melatonin receptor is stably 
expressed by a mammalian cell which normally presents 
substantially no high-affinity melatonin receptor on its 
surface (i.e., a cell which does not exhibit any significant 

25 melatonin-mediated decrease in intracellular cAMP 

concentration) ; the mammalian cell is a CHO cell or a COS-7 
cell; and the candidate antagonist or candidate agonist is a 
melatonin analog or other chemical agent including a 
polypeptide such as an antibody. 

30 The receptor proteins of the invention are likely 

involved in the control of vertebrate circadian rhythm. 
Such proteins are therefore useful to develop therapeutics 
to treat such conditions as jet lag, facilitate 



reentraininent of some endogenous melatonin rhythms, 
synchronize the disturbed sleep-wake cycle of blind people, 
alleviate sleep disorders in shift workers, facilitate the 
emergence of a diurnal sleep-wake pattern in neonates, 
regulate ovarian cyclicity in human females, control the 
initiation and timing of puberty in humans, and alter the 
mating cycle in seasonally breeding animals, such as sheep. 
Preferred therapeutics include 1) agonists, e.g., melatonin 
analogs or other compounds which mimic the action of 
melatonin upon interaction with the high affinity melatonin 
receptor; and 2) antagonists, e.g., melatonin analogs, 
antibodies, or other compounds, which block melatonin or 
high-affinity melatonin receptor function by interfering 
with the melatonin: receptor interaction. 

A "transgenic animal" as used herein denotes an 
animmal (such as a non-human mammal) bearing in some or all 
of its nucleated cells one or more genes derived from a 
different species (exogenous) ; if the cells bearing the 
exogenous gene include cells of the animal's germline, the 
gene may be transmissible to the animal's offspring. As 
used herein, genes derived from a different species of 
animal are exogenous genes. Preferably the exogenous genes 
include nucleotide sequences which effect expression of the 
gene in its endogenous tissue distribution. 

Because the receptor component may now be produced 
by recombinant techniques and because candidate agonists and 
antagonists may be screened using transformed, cultured 
cells, the instant invention provides a simple and rapid 
approach to the identification of useful therapeutics. Such 
an approach was previously difficult because of the 
localization of the receptor to a few discrete regions in 
the central nervous system of most mammals. Isolation of 
the high-affinity melatonin receptor gene (as cDNA) allows 



its expression in a cell type which does not normally bear 
high-affinity melatonin receptors on its surface, providing 
a system for assaying a melatonin: receptor interaction. 

Other features and advantages of the invention will 
5 be apparent from the following description of the preferred 
embodiments thereof, and from the claims. 



Detailed Description 
The drawings will first briefly be described. 

Drawings 

10 Fig. 1 is the complete nucleotide and amino acid 

sequences (SEQ ID N0:1 and SEQ ID NO: 2, respectively) of the 
Xenopus laevis high-affinity melatonin receptor gene coding 
region cDNA. The deduced amino acid sequence of the 
receptor is provided below the nucleotide sequence (reading 

15 frame b) and contains 420 amino acids. The deduced amino 
acid sequence begins at nucleotides 32, 33, 34 (ATG = Met) 
and ends with nucleotides 1292, 1293, 1294 (TGA = stop). 

Fig. 2 is the complete nucleotide and amino acid 
sequences (SEQ ID NO: 3 and SEQ ID NO: 4, respectively) of the 

20 sheep high-affinity melatonin-la receptor gene coding region 
which is a genetic fusion of genomic DNA from the 5' region 
and cDNA from the 3' region as described below. The deduced 
amino acid sequence of the receptor is provided below the 
nucleotide sequence and contains (reading fame a) 366 amino 

25 acids. The deduced amino acid sequence begins at 

nucleotides 49, 50, 51 (ATG = Met) and ends at nucleotides 
1147, 1148, 1149 (TAA = stop). 

Fig. 3 is the complete nucleotide and amino acid 
sequences (SEQ ID NO: 13 and SEQ ID NO: 14, respectively) of 

30 the mouse high-affinity melatonin-la receptor gene coding 
region. The deduced amino acid sequence of the receptor is 



provided below the nucleotide sequence and contains (reading 
frame a) 353 amino acids. The deduced amino acid sequence 
begins at nucleotides 1-3 (ATG = Met) and ends at 
nucleotides 1060-1062 (TAA = stop) . 
5 Fig. 4 is the nucleotide and deduced amino acid 

sequences (SEQ ID NO: 5 and SEQ ID NO: 6, respectively) of a 
fragment of the human high-affinity melatonin receptor gene 
coding region genomic DNA. The coding sequence corresponds 
to the region downstream (3') of the first intron. From the 
10 sequenced portion of the receptor DNA, the deduced amino 
acid sequence is provided below the nucleotide sequence 
(reading frame a) and contains 288 amino acids. The coding 
region of the partial sequence begins at nucleotides 1, 2, 3 
(GGA = Gly) and ends at nucleotides 865, 866, 867 
15 (TAA = stop) . 

Fig. 5 is the complete nucleotide and amino acid 
sequences (SEQ ID NO: 11 and SEQ ID NO: 12, respectively) of 
the human high-affinity melatonin receptor cDNA. The 
deduced amino acid sequence of the receptor is provided 
20 below the nucleotide sequence (reading frame c) beginning at 
nucleotides 33-35 (ATG = Met) and contains 350 amino acids 
ending at nucleotides 1083-1085 (TAA = stop) . 

Fig. 6 is the complete nucleotide and amino acid 
sequences (SEQ ID NO: 15 and SEQ ID NO: 16, respectively) of 
25 the human high-affinity melatonin-lb receptor cDNA. The 
deduced amino acid sequence of the receptor is provided 
below the nucleotide sequence (reading frame a) beginning at 
nucleotides 13-15 (ATG = Met) , ending at nucleotides 1096- 
1098 (TAA = stop) and contains amino 3 62 acids. 
^0 Fig. 7 shows the alignment of the deduced amino acid 

sequences (SEQ ID NO: 2, SEQ ID NO: 4, and SEQ ID NO: 6, 
respectively) and the hydrophobic regions (boxes I-VII) of 
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the entire Xenopus and sheep, and partial human high-- 
affinity melatonin receptors. 

Fig. 8 shows the alignment of the deduced amino acid 
sequences (SEQ ID NO: 2, SEQ ID NO: 4, and SEQ ID NO: 12, 
5 respectively) and the hydrophobic regions (presumed 

transmembrane domains I-VII highlighted by solid bars) of 
the entire Xenopus, sheep, and hiaman high affinity melatonin 
receptors. To indicate homology, gaps (represented by dots) 
have been introduced into the three sequences. 

iO Fig- 9 is the proposed structure of the Xenopus 

high-affinity melatonin receptor in the cell membrane. The 
deduced amino acid sequence (SEQ ID NO: 2) is depicted. Y, 
potential N-linked glycosylation site. Solid circles 
represent consensus sites for protein kinase C 

15 phosphorylation . 

Figs. 10a and 10b show *^I-melatonin binding assay 
results from COS-7 cells containing Xenopus melatonin 
receptor cDNA. Fig. lla shows a saturation curve. 
Nonspecific binding was determined using 10 melatonin. 

20 Fig. lib shows a single representative Scatchard plot of the 
saturation data for determining the relative ^^I-melatonin 
binding constants for the transfected high-affinity 
melatonin receptor gene from Xenopus. 

Fig. 11 shows competition by various ligands for ^^I- 

25 melatonin binding in COS-7 cells transfected with the 

melatonin receptor cDNA from Xenopus. Cells were incubated 
with 100 pM ^^I-melatonin and various concentrations of 2- 
iodomelatonin (I-MEL) , melatonin (MEL) , 6-chloromelatonin 
(6C1-MEL), 6-hydroxymelatonin (60H-MEL) , N-acetyl-5- 

30 hydroxytryptamine (NAS) , or 5 -hydroxy tryptamine (5HT) . 

Nonspecific binding was determined in the presence of 10 juM 
melatonin. K; values are: I-MEL, 1.1 x 10'^° M; MEL, 
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1.3 X 10-' M; 6C1-MEL, 3.0 x ID"' M; 60H-MEL, 2.0 x lO"' M; 
NAS, 2.0 X 10-* M; 5HT, >1.0 x 10^ M. The data are 
representative of three experiments. 

Fig. 12 shows melatonin inhibition of forskolin- 
stimulated cAMP acciunulation in CHO cells stably transfected 
with the melatonin receptor cDNA from Xenopus. The 100% 
value is the mean cAMP value induced with 10 /xM forskolin. 
The data are representative of three experiments. 

Fig. 13 is a Northern blot of melatonin receptor 
transcripts in Xenopus derived melanophores . Locations of 
RNA size markers (Life Technologies, Bethesda, MD) are 
indicated. The blot was exposed to X-ray film overnight. 

Fig. 14 shows '^I-melatonin binding assay results 
from COS-7 cells containing sheep melatonin receptor cDNA. 
Fig. 14a shows a saturation curve. Nonspecific binding was 
determined using 10 /xM melatonin. Fig. I4a (inset) shows a 
Scatchard plot of the saturation data for determining the 
relative '^I-melatonin binding constants for the transfected 
high-affinity melatonin receptor gene from sheep. The Kj 
value for the sheep melatonin high-affinity receptor is 
3.6 X 10-" M and the value is 104 fmol/mg protein. 
Nonspecific binding was determined using 10 nK melatonin. 
Data shown are representative of three experiments. 
Fig. 14b is a plot of competition by various ligands for 
*^I-Mel binding in COS-7 cells transfected with the sheep 
melatonin receptor cDNA (SEQ ID NO: 3). Cells were incubated 
with 100 pM '^I-Mel and various concentrations of 
2-iodomelatonin (I-Mel) , melatonin (Mel), 6-chloromelatonin 
(6C1-Mel) , 6-hydroxymelatonin (60H-Mel) , 

N-acetyl-5-hydroxytryptamine (NAS) , or 5 -hydroxy tryptamine 
(5-HT) . Nonspecific binding was determined in the presence 
of 10 MM melatonin. Kj values for the sheep receptor are: 
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I-Mel, 3.7 X 10-" M; Mel, 2.4 x lO"'" M; 6C1-Mel, 2.5 x 10-'" M; 
60H-Mel, 3.0 X lO"' M; NAS, 1.4 x 10"' M; 5HT, >1.0 x 10"^ M. 
Inhibition curves were generated by LIGAND (Munson, P.L. and 
Rodbard, D. Anal. Biochem. (1980) 127:220-239) using a one- 
5 site model. The data shown are representative of at least 
three experiments. 2-Iodomelatonin is available from 
Research Biochemicals Inc. , Natick, MA; 6-chloromelatonin is 
available from Ely Lily, Indianapolis, IN; all other drugs 
used herein are available from Sigma, St. Louis, MO. 

10 Fig. 15 shows *^I-melatonin binding assay results 

from COS-7 cells containing the complete human melatonin la 
receptor cDNA (SEQ ID NO: 11). Fig. 15a shows a saturation 
curve. Fig. 15a (inset) shows Scatchard plot of the 
saturation data for determining the relative '^I-melatonin 

15 binding constants for the transfected high-affinity 

melatonin receptor gene from human. The value for the 
human high-affinity melatonin la receptor is 2.6 x lO'" M 
and the value is 220 fmol/mg protein. Nonspecific 
binding was determined using 10 /xM melatonin. Data shown 

20 are representative of three experiments. Fig. 16b is a plot 
of competition by various ligands for '"l-Mel binding in 
COS-7 cells transfected with the human melatonin receptor 
cDNA (SEQ ID NO: 11). Cells were incubated with 100 pM 
*^I-Mel and various concentrations of 2-iodomelatonin 

25 (I-Mel) , melatonin (Mel) , 6-chloromelatonin (6C1-Mel) , 

6-hydroxymelatonin (60H-Mel) , N-acetyl-5-hydroxytryptamine 
(NAS) , or 5-hydroxytryptamine (5-HT) . Nonspecific binding 
was determined in the presence of 10 /xM melatonin. K, 
values for the human receptor are: I-Mel, 1.8 x 10'" M; Mel, 

30 2.3 X 10->» M; 6C1-Mel, 2.0 x lO'' M; 60H-Mel, 2.0 x 10'' M; 

NAS, 1.7 X 10"' M; 5HT, >l.o X 10^* M. Inhibition curves were 
generated by LIGAND (Munson and Rodbard (1980) , supra) using 
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a one-site model. The data shown are representative of at 
least three experiments. 

Fig. 16 is the results of studies showing that 
recombinant mammalian melatonin receptor couples to Gj. 
5 Fig. 16a shows melatonin inhibition of forskolin-stimulated 
cAMP accumulation in NIH 3T3 cells stably transfected with 
the sheep melatonin receptor cDNA (SEQ ID NO: 3). The 100% 
value is the mean cAMP value induced with 10 /xM forskolin. 
The data shown are representative of four experiments. Fig. 

10 16b shows that pertussis toxin blocks the ability of 

melatonin to inhibit forskolin-stimulated cAMP accxomulation 
in NIH 3T3 cells stably transfected with the sheep melatonin 
receptor cDNA (SEQ ID NO: 3). Cells were preincubated with 
either vehicle or pertussis toxin for 18 hours (PTX: 

15 100 ng/ml; pertussis toxin was purchased from List, 

Campbell, CA) . C, Basal levels; F, 10 fM forskolin alone; 
FM, 10 /iM forskolin plus 1 /zM melatonin. Data are the mean 
plus standard deviation for 3 plates for each treatment. 
The data shown are representative of three experiments. 

20 Fig. 17 shows a coronal section through the base of 

the sheep brain and pituitary. Fig. I7a is a histographic 
staining of the tissue section showing the pars tuberalis 
(PT) and the pars distalis (PD) . Fig. 17b is a film 
autoradiographic image produced from a section to which 

25 [^^SjjjjjjL binding is observed in the PT. Fig. 17c is a film 
autoradiographic image produced from an in situ 
hybridization of a tissue section using a sheep high- 
affinity melatonin receptor riboprobe derived from the 
cloned receptor sequence. The hybridization pattern shows 

30 that mRNA which hybridizes to the sheep high-affinity 

melatonin receptor riboprobe exhibits the same pattern of 
expression as the endogenous receptor protein. 
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Fig. 18 is a diagram of the structure of the human 
Mel-lb receptor protein. Fig. I8a is the predicted membrane 
topology of the human Mel-lb receptor protein. Y, Potential 
N-linked glycosylation site. Amino acids that are shaded are 
5 identical between human Mel-lb and the hvunan Mel-la 
melatonin receptors. Fig. I8b is a comparison of the 
deduced amino acid sequence of human Mel-lb and the human 
Mel-la melatonin receptor (GenBank accesssion no. U14109) 
and the Xenopus melatonin receptor (U09561) . To maximize 

10 homologies, gaps (dots) have been introduced into the three 
sequences. The seven presumed transmembrane domains (I -VI I) 
are overlined. Consensus sites for N-linked glycosylation 
are underlined. The human melaton lb receptor sequence has 
been deposited in GenBank under accession number U25341. 

15 Fig. 19 is a plot of human Mel-lb receptor 

expression in COS-l cells assayed by '^Sj-jiel binding, o, 
total binding; •, specific binding; a, nonspecific binding 
(determined in the presence of 10 fM melatonin) . Inset: 
Scatchard plot of saturation data. The value depicted is 

20 1.5 X 10-"> M. The B^ value is 2.62 pmol/mg membrane 

protein. Data shown are representative of five experiments. 

Fig. 20 is a graphical representation of competition 
by various ligands for '^I-Mel binding in COS-l cells 
transfected with either hvunan Mel-lb or human Mel-la 

25 melatonin receptor cDNA. Cells were incubated with 200 pM 
(Mel-lb receptor) or 100 pM '^I-Mel (Mel-la receptor) and 
various concentrations of 2-iodomelatonin (I-Mel) , melatonin 
(Mel), 6-chloromelatonin (6C1-Mel) , or N-acetyl-5 — 
hydroxytryptamine (NAS) . Nonspecific binding was determined 

30 in the presence of 10 nH melatonin. The data shown are mean 
values of three to five experiments for each drug. Kj 
values are listed in Table 1. 
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Fig. 21 is a graphical representation of melatonin 
inhibition of f orskolin-stimulated cAMP accumulation in NIH 
3T3 cells stably transfected with human Mel-lb receptor. 
The 100% value is the mean cAMP value induced with 10 /xM 
5 forskolin. The data shown are mean values of two 
experiments. 

Fig. 22 is a comparative RT-PCR analysis of Mel-lb 
and Mel-la receptor gene expression in six human tissues. 
Brain refers to analysis of whole brain. H3.3 is histone 
10 H3.3. 

Fig. 23 is a diagram showing the chromosomal 
location of the Mel-lb receptor gene. The idiogram of hximan 
chromosome 11 illustrates the chromosomal content of the 
somatic cell hybrids used to localize the Mel-lb melatonin 

15 receptor gene (MTNRl B) , to llq21-22. 

There now follows a description of the cloning and 
characterization of the high-affinity melatonin receptor 
cDNA from Xenopus laevis, the high-affinity melatonin la 
receptor from sheep, mouse, and h\iman as well as the high 

20 affinity melatonin lb receptor from human useful in the 
instant invention. Transformed cells containing and 
expressing the cDNA of the invention are also described. 
This example is provided for the purpose of illustrating the 
invention, and should not be construed as limiting. 

25 Molecular Cloning of a Hioh -Aff initv Melatonin Receptor from 
Xenovus laevis. 

Melatonin receptors are present in the dermal 
melanophores of amphibians (Bagnara, J.T. and Hadley, M.E., 
Am. Zoologist (1970) 10:201-216). The action of melatonin, 
30 mediated through the high-affinity melatonin receptor 

coupled to G; protein (Abe, K. et al., EndocrinolQay (1969) 



17 



85:674-682; White, B.H. et al., J. Como. Phvslol. (1987) B 
157:153-159) results in melanin aggregation in the dermal 
melanophores . mRNA from Xenopus dermal melanophores was 
used to clone the Xenopus high-affinity melatonin receptor 
5 cDNA (Ebisawa, T. et al., PNAS USA (1994) 91:6133-6137). 
Either primary cells or immortalized cells may be used for 
the purpose of mRNA isolation. Cloning of the Xenopus high 
affinity melatonin receptor cDNA was accomplished as a 
useful initial step toward cloning of the high-affinity 

10 melatonin receptors of higher eukaryotes. 

The immortalized cell line used for mRNA isolation 
was found to express a high level of '"l-melatonin binding 
(^100 fmol/mg total cell protein using 50 pM *"l-melatonin) . 
The cells were cultured by the method of Daniolos et al. 

15 (Pigment Cell Res. (1990) 3:38-43). Using standard 
techniques, total cellular RNA was isolated from 
melanophores by extraction with guanidinium thiocyanate 
followed by centrifugal separation in a cesium chloride 
density gradient (Sambrook et al.. Molecular Cloning; a 

20 Laboratory Manual (Cold Spring Harbour Lab. Press, 

Plainview, NY), (1989) 2nd Ed.). Removal of melanosomes 
prior to separation on the cesium chloride density gradient 
was performed as described by Karne et al. ( J. Biol, chem. 
(1993) 268:19126-19133). Poly(A)+ RNA was isolated using 

25 established methods as described in Rivkees et al. ( P.N.A.S 
USA (1989) 84:3916-3920). 

The poly (A)"*" RNA from Xenopus dermal melanophores 
was used as a template for the construction of a random 
primed cDNA library (cDNA Synthesis Kit, Pharmacia Biotech 

30 Inc., Piscataway, NJ) . Cohesive ends were produced on the 
double stranded cDNA by ligating with BstXl and EcoRl 
adaptors (InVitrogen, San Diego, CA) . The cDNA was size- 
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fractionated on an agarose gel, and cDNA having a length 
equal to or greater than 2 kilobase pairs (kb) was recovered 
by electroelution. The size-selected cDNA was ligated into 
the expression vector pcDNAI (InVitrogen, San Diego, CA) and 
5 introduced into E. coli strain MC1061/P3 by electroporation. 

A total of 4 X 10^ recombinants were obtained from 
5 iiq of poly (A) + RNA and divided into 54 pools, each 
containing approximately 7400 clones. Plasmid DNA was 
prepared from each pool by the alkaline lysis method and 

10 transfected into COS-7 cells by the DEAE-dextran method 

(Cullen, B.R., Methods Enzvmol. (1987) 152:684-704). COS-7 
cells were grown as monolayers in Dulbecco's modified 
Eagle's medium supplemented with 10% fetal calf serum, 
penicillin (50 U/ml) , and streptomycin (50 jug/ml) , in 5% COj 

15 at 37«C. Three days after transf ection, cells were 
incubated with 90 pM '^I-melatonin Tris-HCl pH 7.4, 
containing 100 mM NaCl, 5 mM KCl, 2 mM CaClj, and 5% 
Nu-Serum I (Collaborative Biomedical Products, Bedford, MA) , 
for 2 hr at room temperature. Cells were washed, air dried, 

20 and exposed to X-ray film for 14 days. A pool of clones 
which showed positive signals was subdivided, and the 
transf ection procedure was repeated. This subdividing 
process was continued until a single clone was identified 
that conferred specific '"l-melatonin binding to COS-7 

25 cells. 

This clone, which contained a 2.2 kb cDNA, insert 
was isolated and both strands of the coding region were 
sequenced (SEQ ID N0:1). Nucleotide sequences were analyzed 
by the dideoxynucleotide chain termination method of Sanger, 
30 F. et al. f P.N.A.S. USA (1977) 74:5463-5467) using 

Sequenase® (United States Biochemical, Cleveland, OH) . The 
sequencing template was double-stranded plasmid DNA. 
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Sequencing primers were synthetic oligonucleotides that were 
either vector specific or derived from sequence information. 

The isolated Xenopus cDNA encodes a protein of 420 
amino acids (Fig* 1) (SEQ ID NO: 2) with an estimated 
5 molecular mass of 47,424. The flanking DNA sequence of the 
first two methionine codons in this reading frame both 
displayed a Kozak consensus sequence for the initiation of 
translation (Kozak, M. , Nucleic Acids Res. (1987) 
15:8125-8148). Hydropathy analysis (Kyte, J. and Doolittle, 

10 R.F», J. Mol. Biol. (1982) 157:195-232) of the predicted 
amino acid sequence revealed the presence of seven 
hydrophobic domains (see Figs. 4 and 5) which likely 
represent the transmembrane regions of a G protein-coupled 
receptor. The amino terminus contains a consensus site for 

15 N-linked glycosylation, a feature typical of most G protein- 
coupled receptors (Pearson, W.R., Methods Enzvmol. (1990) 
181:63-98). The melatonin receptor protein is not similar 
in identity to any one particular group of G protein-coupled 
receptors, but is similar to a wide range of receptors; the 

20 highest amino acid sequence identity scores were 

approximately 25% for both the mu opioid and type 2 
somatostatin receptors* Using a G protein-coupled receptor 
database (Kornfeld, R. and Kornfeld, D., Ann. Rev. Biochem. 
(1985) 51:631-664), the melatonin receptor appears to form a 

25 group that is distinct from other known biogenic amine and 
peptide receptors. No sequence homology was identified 
between the melatonin receptor and the metabotropic 
glutamate or parathyroid hormone/ calcitonin/ secretin 
receptor gene families (Masu et al.. Nature (1991) 349 :760- 

30 765; Juppner, et al.. Science (1991) 2M: 1024-1026; Lin et 
al.. Science (1991) 254:1022-1024). 

The melatonin receptor has some general structural 
features in common with amine and peptide receptors. For 



example, it contains a single cysteine residue in each of 
the first two extracellular loops that, based on mutagenesis 
studies of opsin and amine receptors (Dixon et al., embo J. 
(1987) 6:3269-3275; Karnic et al., P>N.A,S. USA (1988) 
5 85:8459-8463), are believed to form a disulfide bridge which 
stabilizes receptor structure. Furthermore, proline 
residues are present in transmembrane domains IV, V and VI 
(Fig. 7 and Fig. 8) which have been suggested to introduce 
kinks in the alpha-helices that may be important in forming 

10 the ligand binding pocket (Findlay, J. and Eliopoulos, E. , 
Trends P harmacol. Sci. (1990) 11:492-499; Hibert, M.F. et 
al., Mol. Pharmacol. (1991) 40:8-15). The proline in the 
NPXXY (SEQ ID NO: 7) motif that is found in transmembrane 
domain 7 of virtually all other G protein-coupled receptors 

15 is replaced by an alanine in the melatonin receptor. The 
carboxyl tail of the melatonin receptor is 119 amino acid 
residues long and contains several consensus sites for 
protein kinase C phosphorylation which may be involved in 
receptor regulation (Sibley et al., Cell (1987) 48:913-922). 

20 Binding Studies of the Recombinant Xenopus High-Affinity 
Melatonin Receptor. 

To establish the binding characteristics of the 
encoded Xenopus receptor (SEQ ID NO: 2), the cDNA in pcDNAI 
was transiently expressed in COS-7 cells. Three days after 

25 transfection, medium was removed, the culture dishes were 
washed with PBS, and the cells were harvested. The cells 
were then pelleted (2500 rpm; 10 min, 40C) and stored at - 
80*»C. Whole cell binding studies were performed by thawing 
the cells and resuspending them in binding buffer (50 mM 

30 Tris-HCl, pH 7.4, with 5 mM MgCl^) at a concentration of 

456 /xg protein/ml. The cell suspension was incubated with 
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^^I-melatonin (90 pm) in a total reaction volume of 0.2 ml 
binding buffer in the presence or absence of a melatonin 
agonist or antagonist; the suspension was incubated in a 
shaker bath for 1.5 hr at 25**C. Protein determinations were 
5 performed using the Pierce BCA Protein Assay (The Pierce 
Chemical Co., Rockford, XL). Binding data were analyzed by 
computer using the LIGAND Program of Munson and Rodbard 
((1980) supra ) . The results are shown in Figs. 8 and 9. 

To further establish the binding characteristics of 

10 the encoded Xenopus receptor (SEQ ID NO: 2), the cDNA in 

pcDNAI was transiently expressed in COS-7 cells. Three days 
after transf ection, saturation studies were performed using 
increasing concentrations of ^^I-melatonin (5 to 1280 pM) 
(Fig. 10a). Scatchard analysis (Fig. 10b) revealed that 

15 transfected COS-7 cells bound ^^I-melatonin with high 
affinity (K^ = 63 ± 3 x lO'^^- n = 3 experiments) . The 
value using the whole cell binding assay was 67 ± 7 fmol/mg 
of protein. No specific binding of ^^I-melatonin was found 
in mock-transfected COS-7 cells. 

20 The pharmacological characteristics of specific ^^I- 

melatonin binding in acutely transfected COS-7 cells was 
next examined (Fig. 11). The order of inhibition of 
specific ^^I-melatonin binding of Xenopus recombinant 
melatonin receptor by six ligands was characteristic of a 

25 high-affinity melatonin receptor (Dubocovich, M.L. and 
Takahasi, J. (1987) supra; Rivkees et al. (1989) supra), 
with relative binding affinities having the order: 2- 
iodomelatonin > melatonin > 6-chloromelatonin > 6- 
hydroxymelatonin > n-acetyl-5-hydroxytryptamine > 5- 

30 hydroxy tryptamine. Thus, the isolated Xenopus laevis cDNA 
of the instant invention encodes a protein with the affinity 
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and pharmacological properties expected of a high-affinity 
melatonin receptor. 

The endogenous high-affinity melatonin receptor in 
Xenopus dermal melanophores is coupled to inhibition of 
5 adenylyl cyclase (Abe, et al. (1969) supra : White, B.H. 
et al. (1987) supra). To determine whether the receptor 
encoded by the recombinant cDNA (SEQ ID N0:1) of Xenopus was 
coupled to the adenylyl cyclase regulatory system, a clonal 
line of CHO (ATCC; Cat. No. CCL 61 cells) was stably 

10 transfected with the recombinant receptor cDNA and the 

melatonin-induced inhibition of f orskolin-stimulated cAMP 
accumulation was determined. 

Transformed CHO cells were plated on 35 mm culture 
dishes. After 48 hours, the cells were washed twice with 

15 Ham's F-12 (Life Technologies, Bethesda, MD) . Cells were 
then incubated in the presence or absence of melatonin 
analogs (diluted in F-12) for 10 min at 37«C. Following 
treatment, the medium was aspirated and 1 ml of 50 mM acetic 
acid was added to the culture dish. The cells were 

20 collected, transferred to an Eppendorf tube, boiled for 
5 min, and centrifuged (13,750 rpm for 15 min). The 
supernatant was collected and assayed for cAMP. All 
determinations were performed in triplicate. Cyclic AMP 
levels were determined in duplicate by radioimmunoassay (New 

25 England Nuclear, Boston, MA) . 

Induction of cAMP concentration increase by 10 /xM 
forskolin was inhibited by melatonin in a dose dependent 
manner (Fig. 12); the maximal inhibition of the mean 
forskolin-stimulated cAMP concentration was 68% at 

30 1 X 10'* M melatonin. An IC50 value of approximately 8 x 10" 
M was determined by manual curve fitting of the data in 
Fig. 12. This value was very similar to the computer- 
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generated Kj value (1.3 x 10"' M) determined for melatonin 
inhibition of specific '^I-melatonin binding shown in Fig. 
11. Melatonin, alone, (1 x 10"* M) was found not to alter 
basal CAMP levels in stably transfected CHO cells. Further, 
5 melatonin (1 x lO"* M) did not inhibit the forskolin- 
stimulated increase in cAMP levels in CHO cells stably 
transfected with vector lacking the Xenopus cDNA. Thus, the 
recombinant melatonin receptor is negatively coupled to the 
cAMP regulatory system. 

10 Expression of Xenopus Melatonin Receptor Transcripts. 

Northern blot analysis (see below) of Xenopus dermal 
melanophores revealed at least 3 hybridizing transcripts 
between 2.4 and 4.4 kb under conditions of high stringency 
(see below) (Fig. 13) . The presence of multiple 

15 hybridizing bands may represent posttranscriptional 
modifications of the same gene, or the presence of 
transcripts from different, but structurally similar genes. 

Northern analysis was performed using standard 
techniques (see, e.g., Ausubel et al.. Current Protocols in 

20 Molecular Biology. John Wiley & Sons, New York, (1989)). 
Poly(A)+ RNA was subjected to electrophoresis through a 1% 
agarose-formaldehyde gel, blotted onto GeneScreen (New 
England Nuclear, Boston, MA), and hybridized with a fragment 
of the coding region of the receptor cDNA labeled with 

25 [a-^P]dCTP (2000 Ci/mmol) by the method of random priming 
(Promega, Madison, WI) . Hybridizing conditions were 50% 
formamide, 1 M sodium chloride, 1% SDS, 10% dextran sulfate, 
and 100 ng/ral denatured salmon sperm DNA, at 42<»C overnight. 
The final washing of the blot was in 0.2X SSC/0.1% SDS at 

30 65<'C for 40 min. Blots were exposed at ■80°C to X-ray film 
with an intensifying screen. 
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Isolation of Sheep Hiah-Af f initv Melatonin Receptor 

To clone the high-affinity melatonin receptor from 
sheep using standard methods, fully degenerate primers were 
designed based on, for example, the peptide sequences 5' 
5 AIAINRY (SEQ ID NO: 8) (residues 125-131) and 3' FAVCWAPL 
(SEQ ID N0:9) (residues 252-259) of the Xenopus sequence 
(SEQ ID NO:l) (Fig 1) • Using these populations of 
degenerate primers, RT PCR of sheep pars tuberalis mRNA 
amplified an approximately 400 bp cDNA fragment that was 65% 

10 identical at the amino acid level with the corresponding 
region of the Xenopus melatonin receptor. 

To isolate a longer cDNA sequence, this fragment was 
labeled (e.g., with [^^PJdCTP by random priming) producing a 
probe, and hybridization (under high stringency conditions) 

15 was carried out on a sheep pars tuberalis cDNA library 

constructed in the ZAP II vector (Stratagene, La Jolla, CA) 
using standard hybridization techniques (see e.g., Ausubel 

al.. Current Protocols in Molecular Biology , supra ) . 
From 1 X 10*^ recombinants screened, two hybridizing clones 

20 were isolated and plaque purified using standard techniques. 
Both clones contained the entire 3' coding region, 
downstream from the predicted site of the third 
transmembrane domain. One clone extended 5' into the amino 
terminus region, upstream from the first transmembrane 

25 domain, but did not contain the entire 5' end of the coding 
region. A 160 bp fragment of the 5' end of this cDNA clone 
was labelled (e.g., radiolabelled) by standard techniques 
(see e.g., Ausubel et al., supra ) and used to probe (e.g., 
by the standard techniques described, supra ) a sheep genomic 

30 library (in EMBL-3, catalog number UL lOOld, Clontech, Palo 
Alto, CA) . One clone was isolated and found to contain the 
remaining 5' sequence of the coding region using standard 
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sequencing techniques • A 150 bp fragment of this genomic 
clone, containing a methionine with a consensus sequence for 
the initiation of translation was isolated and ligated using 
standard techniques (see e.g., Sambrook (1989), supra ^ into 
5 a vector (e.g., pcDNAI, InVitrogen, San Diego, CA) in frame 
with the corresponding downstream coding region of the cDNA. 
The ligated construct encodes a protein of 366 amino acids 
(SEQ ID NO: 4) which binds [^^1]KE1j with high affinity. 

Binding St udies of the Recombinant Sheep Hiah-Af f Inity 

10 Melatonin Receptor 

The sheep high-affinity melatonin la receptor (SEQ 
ID NO: 3) DNA cloned into pcDNAI was transiently expressed in 
COS-7 cells. For ligand binding studies, the sheep receptor 
cDNA (SEQ ID NO: 3) in pcDNAI was introduced into COS-7 cells 

15 using the DEAE-dextran method (Cullen, B.R. Methods Enzymol . 
(1987) 152:684-704). Approximately two to three days after 
transfection, cell culture medium was removed, the cultures 
dishes were washed with PBS, and the cells were harvested. 
The cells were then pelleted (2500 rpm; 10 min, 4«C) and 

20 stored at -SO^C. Whole cell binding studies were performed 
by thawing the cells and resuspending them in binding buffer 
(50 mM Tris-HCl, pH 7.4, with 5 mM MgCls) at a concentration 
of 200-500 jLtg protein/ml. The cell suspension was incubated 
with ^^I-Mel with or without drugs in a total reaction 

25 volume of 0.2 ml binding buffer; the suspension as incubated 
in a shaker bath for 1.5 hr at 25*>C. All determinations 
were done in either duplicate or triplicate. Protein 
measurements were performed using the Pierce BCA Protein 
Assay. Binding data were analyzed by computer using the 

3 0 LIGAND Program of Munson and Rodbard (1980). 
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Scatchard analysis (performed as described above 
for the Xenopus clone) revealed that COS-7 cells transfected 
with the sheep Mel-la receptor clone bound *^I-melatonin 
with high affinity (Kj = 3.6±0.1 x lo" M; mean ± SE, n = 3 
5 experiments) . The value for the sheep receptor clone 
using the whole cell binding assay was greater than 
112±5 fmol/mg of protein (Fig. 14a) . No specific binding of 
*^I-melatonin was found in mock- transfected COS-7 cells. 

The sheep Mel-la receptor pharmacologic profile of 

10 relative binding affinities of melatonin derivatives was 
shown to be similar to Xenopus using the same assay 
techniques as described for Xenopus. Competitive binding of 
six ligands to sheep melatonin receptor expressed by acutely 
transfected COS-7 cells showed that the rank order of 

15 inhibition of specific '^l-Mel binding by the six ligands 
was 2-iodomelatonin > melatonin = 6-chloromelatonin > 6- 
hydroxymelatonin > N-acetyl-5-hydroxytryptamine > 5- 
hydroxytryptamine (Fig. 14b) . 

The receptor encoded by the recombinant sheep 

20 melatonin la receptor was tested to determine whether it is 
coupled to inhibitory G protein (G;) , as has been shown with 
the endogenous receptor of several mammals, including sheep 
(Carlson, et al. , (1989) supra : Morgan et al., (1990) 
supra) . Clonal NIH 3T3 cells stably transfected with the 

25 sheep receptor cDNA (SEQ ID NO: 3) subcloned into pcDNAI NEO 
(Invitrogen, San Diego, CA) and exhibiting high levels of 
melatonin receptor binding (>10 fmol/60 mm dish of cells 
using 100 pM '^I-Mel) were used. Transformed NIH 3T3 cells 
were plated on 35 mm dishes. After forty-eight hours, the 

30 cells were washed twice with DMEM, and then incubated with 
or without drugs (diluted in DMEM) for 10 min at 37 »C. At 
the end of treatment, the medium was aspirated and 1 ml of 
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50 mM acetic acid was added. The cells were collected, 
transferred to an Eppendorf tube, boiled for 5 min, and 
centrifuged (13,750 rpm for 15 min) . The supernatant was 
collected and assayed for cAMP, All determinations were 
5 done in triplicate. Cyclic AMP levels were determined in 
duplicate by radioimmunoassay by standard techniques. 

Although melatonin did not alter basal cAMP levels 
in the stably transfected lines, it did cause a dose- 
dependent inhibition of the cAMP increase induced by 10 /xM 

10 forskolin (Fig. 16a) . The estimated IC50 value for melatonin 
was 1 X 10-^^ M, comparable to the Kj value for melatonin 
inhibition of specific ^^^x-Mel binding (2.4 x 10'*° M; see 
Fig. 14b). Importantly, melatonin (1 /xM) did not inhibit 
forskolin-stimulated cAMP accumulation in NIH 3T3 cells 

15 stably transfected with the vector (pcDNAI NEO) lacking the 
sheep Mel-la receptor cDNA. 

Pertussis toxin pretreatment (PTX; 100 ng/ml) of 
receptor-transfected NIH 3T3 cells for 18 hours completely 
abolished the ability of 1 jitM melatonin to inhibit the 

20 forskolin-stimulated increase in cAMP (Fig. 16b). Thus, 
like the endogenous high-affinity melatonin receptor of 
vertebrates (Carlson et al., (1989) supra : Morgan et al., 
(1990) supra; White et al., (1987) supra ) , the recombinant 
sheep Mel-la receptor inhibits adenylyl cyclase through a 

25 pertussis-toxin sensitive mechanism. 

Northern blot analysis of sheep PT revealed a major 
hybridizing transcript of greater than 9.5 kb and a minor 
transcript at 4.2 kb. No hybridizing signals were found in 
pars distalis (data not shown) . Using antisense cRNA probes 

30 prepared using sheep melatonin la receptor cDNA, in situ 
hybridization of endogenous mRNA revealed a strong 
hybridization signal that was visible in film 
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autoradiographs of the sheep PT (Fig. 17); no signal was 
detected in pars distalis. The mRNA distribution in PT was 
identical to that found for the receptor protein using 
Mel in vitro autoradiography. The SCN region of sheep was 
not examined for melatonin receptor mRNA because high- 
affinity melatonin receptors have not been identified in 
sheep SCN using '^I-Mel in in vitro autoradiography 
(Bittman, E.L. and Weaver, D.R. , Biol. Reprod . (1990) 
11:986-993) . 

Brain tissue of Siberian hamster and rat were 
examined to illustrate the distribution of melatonin 
receptor in brain of other species in which melatonin is 
known to have affects on reproductive and circadian rhythms 
(Bartness, T.J. et al., J. Pineal Res . (1993) 15:161-190; 
Margraf, R.R. and Lynch, G.R. , Am. J. Phvsiol . (1993) 
264:R615-R621; and Cassone, V.M. , Trends Neurosci . (1990) 
13:457-464). The major sites of specific '^Sj-jjei binding 
and receptor transcript hybridization in Siberian hamster 
brain are the PT, SCN and paraventricular nucleus of the 
thalamus as examined in adjacent sections by in vitro 
autoradiography (data not shown; see also Weaver, D.R. et 
al., .7, yeuyoscj. (1989) £: 2582-2588) . Thus, in this 
species, the distribution of melatonin la receptor mRNA and 
protein are identical and restricted to just a few sites in 
brain. The PT and SCN regions exhibited receptor transcript 
hybridization and '"l-Mel binding in adult and developing 
rats (data not shown) . The distribution of melatonin la 
receptor mRNA was coincident to that of •^I-Mel binding 
throughout the SCN in both rat and hamster. 

In all non-human mammals we have examined, including 
the sheep (Fig. 15) , Siberian hamster, Syrian hamster, and 
rat, in situ hybridization studies have readily detected 
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mRNA for the high-affinity melatonin la receptor in PT. The 
PT currently appears to be an important site through which 
melatonin mediates photoperiodic effects on reproductive 
function. The PT is the only site containing melatonin la 
receptors (as detected with '"l-Mel in vitro 

autoradiography) in all seasonally breeding mammals examined 
to date (Weaver et al., (1991) supra ^ . The mechanisms by 
which the PT processes the daily melatonin signal and 
communicates that information to influence hypothalamic 
neurosecretion are unknown. High-affinity melatonin 
receptors have not been consistently detected in the human 
PT by '2Si_Mei in vitro autoradiography, suggesting that 
neuroendocrine responses to melatonin in humans may occur 
through fundamentally different mechanisms than those that 
underlie the regulation of reproduction in seasonally 
breeding species (Weaver, D.R. et al., J. Clin. Endocrinol . 
Metab . (1993) 7j|:295-301. 

Isolation of the Mouse Hioh - Af f inity Melatonin Recentor 

Degenerate primers were designed using regions 
conserved amoung other mammalian Mel-la receptor cDNAs such 
as those from sheep (see Fig. 2) . Polymerase chain reaction 
(PGR) of mouse genomic DNA yielded a 466 bp fragment that 
was 94% identical at the amino acid level to the rat and 
Djungarian hamster Mel-la receptor cDNAs. In situ 
hybridization of adult C57BL/6J mouse brain using the PCR- 
generated fragment produced a hybridization pattern 
consistent with that expected for the Mel-la melatonin 
receptor. Hybridization signal was most intense in the 
hypophyseal pars tuberalis. Southern blot analysis of 
genomic DNA indicated a single-copy gene. RNA was isolated 
from a murine cell line (RT2-2) which expresses the Mel-la 



receptor. Northern analysis of poly (A) RNA indicated a 
transcript length of approximately 1.9 kb. RT-PCR was used 
to generate the full length coding region (1059 bp) of the 
receptor, which showed 84% amino acid identity to the human 
Mel-la receptor. RNase protection analysis, 5' and 3' RACE 
cloning, and screening of a BALB/c mouse EMBL3 SP6/T7 
genomic library revealed that the receptor gene consists of 
2 exons divided by a large (>8 kb) intron. The 3' 
\intranslated region is 444 bp long, and includes the 
polyadenylation signal AUUAAA. RNase protection assays 
suggest that a major transcription start site is located 
approximately 100 bp upstream of the initiation codon. The 
nucleotide sequence and deduced amino acid sequence of the 
mouse Mel-la receptor are shown in Fig. 3. 

The recombinant mouse Mel-la receptor expressed on 
COS-7 cells bound melatonin with high affinity comparable to 
the binding affinity of sheep and human Mel-la receptors. 

Isolation of a Fragment of the Human Hiah-Af f inity Mel-la 
Receptor 

To clone the human high-affinity melatonin receptor, 
the degenerate primers based on the peptide sequences 5' 
AIAINRY (SEQ ID NO: 8) (residues 125-131 of the Xenopus 
deduced amino acid sequence (SEQ ID NO: 2)) and 3' FAVCWAPL 
(SEQ ID NO: 9) (residues 252-259 of the Xenopus deduced amino 
acid sequence (SEQ ID NO: 2)) were used as described above. 
Human genomic DNA was amplified by standard PGR techniques 
using the degenerate primers and an approximately 400 bp 
fragment was isolated and sequenced by standard techniques. 
The deduced amino acid sequence of the 400 bp fragment was 
65% identical at the amino acid level with the corresponding 
portion of the Xenopus high-affinity melatonin receptor. 



The 400 bp fragment was labelled (e.g., by random primer 
labelling; see e.g., Ausubel, supra ^ and used to screen a 
human genomic library (in vector EMBL-3, Clontech, Palo 
Alto, CA, catalog number HL1067J) under high stringency 
5 conditions using standard hybridization techniques (see, 
e.g., Ausubel, supra) . Several positively hybridizing 
clones were identified from 1 x 10** recombinant clones 
screened. The clones were plague purified by standard 
techniques, digested with appropriate restriction enzymes 

10 and subcloned in to a convenient vector for sequencing 

(e.g., pBluescript®, Stratagene, La Jolla, CA) . The human 
insert DNA (SEQ ID NO: 5) of one clone was sequenced using 
standard techniques. Using the sheep (SEQ ID NO: 3) and 
Xenopus (SEQ ID NO:l) nucleotide and deduced amino acid 

15 sequences (SEQ ID NO: 4 and SEQ ID NO: 2, respectively) for 

comparison (see Fig. 7 and Fig. 8) , the human insert DNA was 
fo\md to contain a portion of the coding region from the 
"GNXFW (SEQ ID NO: 10) motif" just downstream from the first 
transmembrane domain (see Figs. 7 and 8) and extends through 

20 the 3' end of the coding region. The human DNA of the 

sequenced clone is approximately 82% identical to the sheep 
nucleotide sequence (SEQ IN NO: 5) of the corresponding 
region. The sheep and human deduced amino acid sequences 
(SEQ IN NO: 4 and SEQ IN NO: 6, respectively) are 

25 approximately 80% identical in the corresponding regions. 
Thus the human DNA fragment (SEQ IN NO: 5) isolated by the 
above techniques encodes a protein with strong identity to 
the corresponding portion of high-affinity melatonin 
receptor in another mammal, sheep. 

30 The human genomic DNA contains an intron (> 2.0 kb 

in length) upstream of the "GNXFW motif" (SEQ IN NO: 10). 
To obtain the 5' portion of the coding region of the human 



32 



receptor, the 160 bp fragment of the coding region of the 
sheep receptor immediately upstream from this GNXFW motif 
was used to reprobe the human genomic library at low 
stringency (for exemplary low stringency hybridization 
5 conditions see e.g., Ausubel et al. (1989), supra ) > One 
positively hybridizing clone was isolated and found by 
standard seguence analysis to contain the 5' end of the 
coding region. RT-PCR (see e.g., Reppert, et al., Mol. 
Endocrinol. (1991) 5:1037-1048) of mRNA from human 

10 hypothalamus using specific primers directed at the 5' and 
3' ends of the putative coding region amplified the expected 
cDNA, containing the coding region of the human melatonin 
receptor. The cDNA was subcloned into pcDNAI for sequence 
analysis and transient expression of the receptor 

15 polypeptide. 

The sequencing results show that cDNAs cloned in the 
instant invention encode a high-affinity melatonin receptor 
from Xenopus sheep, and human. Overall, the coding regions 
of the sheep receptor and complete human receptor are about 

20 60% identical with that of the Xenopus melatonin receptor. 
Within the transmembrane domains, the identity is 77%. The 
most dissimilar regions between the mammalian and frog 
receptors was in the amino and carboxyl terminal regions. 
The amino terminus of the mammalian receptors contains two 

25 consensus sites for N-linked glycosylation, compared to one 
site in the frog receptor. Furtheirmore, the carboxyl tail 
of the sheep and human receptors is 65 amino acid residues 
shorter than the Xenopus receptor tail. The complete human 
high-affinity melatonin receptor DNA shows strong identity 

30 (approximately 82% at the nucleotide level and approximately 
80% at the amino acid level) to the sheep high-affinity 
melatonin receptor with 87% amino acid identity when 
comparison is limited to the transmembrane domains. This 



high structural homology suggests that the hvunan and sheep 
clones are species homologs of the same receptor. 

Binding Stu dies of the Recombinant Human Hiah-Af f initv Mel- 
la Receptor 

5 The complete human high-affinity melatonin la 

receptor (SEQ ID NO: 11) DNA cloned into pcDNAI was 
transiently expressed in COS-7 cells and binding studies 
were performed as described for the sheep receptor, supra . 
Scatchard analysis (performed as described above for the 

10 Xenopus and sheep clones) revealed that COS-7 cells 
transfected with the complete human receptor clone 
(containing DNA of SEQ ID NO: 11) bound '^^i -melatonin with 
high affinity (K^ = 2.6 and 2.3 x 10"" M; n = 2 experiments). 
The value using the whole cell binding assay was 210 and 

15 220 fmol/mg protein for the human receptor in two 

experiments (Fig. 15) . No specific binding of '^I-melatonin 
was found in mock-transfected COS-7 cells. For the human 
clone, the rank order of inhibition was identical to that 
for sheep, except that 6-chloromelatonin was 10-fold less 

20 potent in inhibiting specific '^^i-Mel binding (Kj values 

listed in legend of Fig. 13b). Thus, the recombinant sheep 
and human receptors bind '^I-Mel with high affinity and 
exhibit the appropriate pharmacological characteristics of a 
high-affinity melatonin receptor (Dubocovich and Takahashi, 

25 (1987) supra; Morgan et al., (1989) J. Endocrinol . 1:1-4; 
Rivkees et al., PNAS USA (1989) 86:3883-3886; Vanecek, J., 
J. Neurochem . (1988) 51:1436-1440) . 

Isolation of a Human Hiah-Af f inity Mel-lb Receptor. 

To clone melatonin receptor subtypes, PCR was used 
30 to amplify human genomic DNA with degenerate oligonucleotide 
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primers based on conserved amino acid residues in the third 
and sixth transmembrane domains of the Xenopus melatonin 
receptor and mammalian Mel-la melatonin receptors. 

For PGR with degenerate primers, genomic DNA was 
5 subjected to 30 cycles of amplification with 200 nM (final 
concentration) each of two oligonucleotide primers. Each 
reaction cycle consisted of incubations at 94 •C for 45 sec, 
45 "C for 2 min and 72 »C for 2 min, with AmpiTaq DNA 
polymerase (Perkin-Elmer Cetus) . The amplified DNA was 

10 separated on an agarose gel. DNA bands were subcloned into 
pCRTMII using a TA Cloning Kit (Invitrogen) , and recombinant 
clones were sequenced. For PGR with specific primers, either 
genomic DNA or first-strand cDNA reverse transcribed from 
RNA was subjected to 25 to 35 cycles of amplification using 

15 incubations at 94»C for 45 sec, 60°C for 45 sec and 72''C for 
2 or 3 min. The amplified DNA was separated on an agarose 
gel. DNA bands were subcloned into pcDNAS (Invitrogen) for 
expression studies and sequence analysis, or subjected to 
Southern anlaysis for the comparative reverse transcription 

20 polymerase chain reaction (RT-PCR) assay (described herein 
below) . 

A hximan genomic library in EMBL-3 SP6/T7 (Clontech) 
was plated and transferred to Colony Plaque Screen filters 
(New England Nuclear) . The filters were screened under 

25 conditions of either high or reduced stringency. High 
stringency consisted of overnight hybridization in 50% 
formamide, 1 M sodium chloride, 1% SDS, 10% dextran sulfate, 
100 Mg/ml denatured salmon sperm at 42 "C, with filters being 
washed in 2x SSC, 1% SDS at 65 »C for 1 hr. Reduced 

30 stringency consisted of the same hydridization solution at 
42 "C, except the formamide concentration was 25%; the 
filters were washed in 2x SSC, 1% SDS at 55 °C for 1 hr. 
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Lambda phage that hybridized to the probe were plaque- 
purified. 

A novel cDNA fragment (364 bp) was found by sequence 
analysis using standard techniques to be 60% identical at 
5 the amino acid level with either the human Mel-la receptor 
or the Xenopus melatonin receptor. This PGR- fragment was 
labeled by a standard random priming technique and used to 
probe a human genomic library at high stringency. From l X 
10* recombinants, seven positively hydridizing clones were 

10 identified and plaque purified. A 6 kb Sacl-fragment of one 
of the genomic clones which hybridized to the PCR-generated 
cDNA fragment was subcloned and partially sequenced. This 
fragment contained the 3' end of the putative coding region 
and extended 5' to the GN motif in the first cytoplasmic 

15 loop, in which an apparent intron occurred; a consensus 
intron splice site occurs at an identical location in the 
human and sheep Mel-la receptor genes (SEQ ID NO: 11 and SEQ 
ID N0:3, respectively; Reppert, S.M. , Weaver, D.R. & 
Ebisawa, T. (1994) Neuron 13: 1177-1185). To obtain the 5' 

20 portion of the coding region, a 160 bp fragment encoding the 
first transmembrane domain of the sheep Mella-melatonin 
receptor was used to reprobe the seven positive genomic 
clones at reduced stringency (Reppert, S.M. et al. (1994), 
supra) . A 2 . 3 kb Sacl-fragment of one of the genomic clones 

25 which hydridized to the sheep receptor fragmentd was 
subcloned and sequenced by standard techniques. This 
Sacl-fragment contained the apparent 5' end of the coding 
region which includes an upstream, in- frame methionine with 
a consensus sequence for the initiation of translation 

30 (Kozak, M. (1987) Nudeic Acids Res. 15: 8125-8148) and a 
consensus site for N-linked glycosylation. RT-PCR of RNA 
from human brain using specific primers directed at the 5' 
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and 3' ends of the putative coding region amplified the 
expected cDNA with the appropriate splicing predicted from 
genomic analysis, indicating that the putative receptor gene 
is transcribed. A PCR-generated construct of the coding 
region of human Mel-lb receptor was subcloned into pcDNA3 
for expression studies and sequence analysis. The deduced 
amino acid sequence of human Mel-lb receptor was identical 
with the corresponding sequence of the Sacl-genomic 
fragments. 

Human melatonin-lb receptor encodes a protein of 362 
amino acids (SEQ ID NO: 16) with a predicted molecular mass 
of 40,188, not including posttranslational modifications 
(Fig. 6). Human Mel-lb is a member of a newly described 
melatonin receptor group that is distinct from the other 
receptor groups (e.g., biogenic amine, neuropeptide, and 
photopigment receptors) that comprise the prototypic G 
protein-coupled receptor family (Ebisawa, et al. (1994) 
Proc. Natl. Acad Sci. USA 91, 6133-6137; Reppert, S.M. et 
al. (1994), supra) . Unique features of this group include a 
NRY motif just downstream from the third transmembrane 
domain (rather than DRY) and a NAXXY motif (SEQ ID NO: 17) in 
transmembrane 7 (rather than NPXXY (SEQ ID NO: 7)) (Fig. 18). 
In addition, the human Mel-lb receptor, the mammalian Mel-la 
receptors, and the Xenopus melatonin receptor all have a 
CYICHS motif (SEQ ID NO: 18) immediately downstream from NRY 
in the third cytoplasmic loop which is a consensus site for 
cytochrome c family heme binding (Mathews, F.S. (1985) Prog. 
Biophys. Mol. Biol. 45: 1-56). Pair-wise comparisons of the 
human Mel-lb receptor, the human Mel-la receptor and the 
Xenopus melatonin receptor reveal approximately 60% amino 
acid identity for any pair of the three sequences (Fig. 18) . 
Within the transmembrane domains the amino acid identity 
among any two of the three sequences is 73%. The most 



dissimilar regions among any two of the three receptors are 
in the amino- and carboxy- terminal regions and in the second 
and third cytoplasmic loops. Within the amino terminus there 
is one consensus site for N-linked glycosylation for the 
5 Xenopus melatonin receptor and the human Mel-lb receptor, 
while there are two sites in the amino terminus of the human 
Mel-la receptor (Fig. 18, lower). The possibility of 
additional upstream translation start sites cannot be 
excluded. 

10 Binding Studies of the Recombinant Human Hlah-Af f inity Mel- 
Ib Receptor 

Binding and pharmacological properties of the human 
Mel-lb receptor were examined by transiently expressing the 
receptor cDNA in COS-l cells. 

15 Expression studies were performed as follows. COS-l 

and NIH 3T3 cells were grown as monolayers in Dulbecco's 
modified Eagle's medium (DMEM) supplemented with 10% fetal 
calf serum, penicillin (50 U/ml) , and streptomycin (50 
Mg/ml), in 5% COj at 37 »C. For ligand binding studies, 

20 melatonin receptor cDNAs in pcDNA3 were introduced into 

COS-l cells using the DEAE-dextran method (Cullen, B. (1987) 
Methods Enzymol. 152, 684-704). Three days after 
transfection, medium was removed, and the dishes were washed 
with PBS. The cells were harvested in Hank's balanced salt 

25 solution and centrifuged (1400 x g; 10 min, 4°C) . The 
resultant pellets were stored at -80°C. Crude membrane 
homogenates were prepared by thawing the pellets on ice and 
resuspending them in TME buffer (pH 7.4) consisting of 50 mM 
Tris base, 12.5 mM MgC12, ImM EDTA, and supplemented with 

30 10 /ig/ml aprotinin and leupeptin, and 100 fiM 

phenylmethylsulfonylfluoride. The cells were then 
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homogenized using a dounce homogenizer and centrifuged 
(45,000 X g; 15 min at 4»C). The resulting pellet was 
resuspended with a dounce homogenizer in THE and frozen at 
*80«»C in aliquots. 
5 Binding assays were performed in duplicate in a 

final volume of 200 jul, consisting of 20 nl radioligand, 
20 iul TME containing either melatonin or displacer, and 
160 /il membrane homogenates. Incubations were initiated by 
the addition of the membrane preparation and were conducted 
10 at 37"»C for 60 min. Nonspecific binding was defined by 10 fM 
melatonin. All determinations were done in either duplicate 
or triplicate. 

Protein measurements were performed by the method of 
Bradford (Bradford, M.M. (1976) Anal. Biochem. 72, 248-254), 

15 using bovine serum albumin as the standard. Binding data 

were analyzed by computer using the LIGAND Program of Munson 
and Rodbard (Munson, P.J. and Rodbard, D. (1980) Anal. 
Biochem. 107, 220-239). 

For comparison, binding and pharmacology of COS-l 

20 cells transiently expressing the human Mel-la receptor were 
assessed in parallel. Scatchard transformation of the 
saturation data showed that COS-l cells transfected with 
either receptor bind '^Si-Mel with high affinity. The of 
human Mel-lb receptor was 1.6 ± 0.3 x lO'' M (mean + SE; n = 

25 5 experiments) (Fig. 19). This value represents a 4-fold 
lower affinity than that of the hviman Mel-la receptor (Kj = 
6.5 ± 0.6 X 10-" M; n = 3) found in parallel experiments. 
The B^ values were 2.7 ± 0.1 pmol/mg membrane protein for 
human Mel-lb receptor and 2.8 ± 0.4 pmol/mg membrane protein 

30 for the hximan Mel-la receptor. The pharmacological 

characteristics for inhibition of specific '^IMel binding in 
acutely transfected COS-l cells were next examined for Mel- 
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lb receptor and compared with those of the human Mel-la 
receptor (Fig. 20; Table 1). 



TABLE 1 

Competition of various ligands for specific '^I-Mel binding 
5 in COS-1 cells transfected with either human Mel-lb or the 
Mel-la receptor cDNA 



10 







(nM) 




Compound 






Ratio 


Mel- lb 


Mel-la 


(Mel-la/Mel 


2-iodomelatonin 


0.17±0.02 


0.09±0.01 


0.5 


2 -pheny Imelatonin 


0.26±0. 06 


0.21+0.06 


0.8 


S20098 


0.23±0.04 


0.72±0.11 


3.1 


6-chloromelatonin 


0.66±0.04 


6.78±0.91 


10.3 


melatonin 


1.11±0.13 


1.48±0.21 


1.3 


NAS 


595±127 


986±137 


1.6 


5-HT 


> 10,000 


> 10,000 




prazosin 


> 10,000 


> 10,000 





Kj values are meantSE of 3-5 experiments for each drug. NAS: 
20 N-acetyl-5-hydroxytryptamine. 5-HT: 5-hydroxytryptamme. 

S20098, a melatonin analog was obtained from Bristol-Myers 
Squibb, Princeton, NJ. 

For human Mel-lb, the rank order of inhibition of 
specific *25i«Mel binding by six ligands was 2-iodomelatonin 

25 > 2 -pheny Imelatonin > S-20098 > 6-chloromelatonin > 

melatonin > N-acety 1-5 -hydroxy tryptamine (Fig. 20a; Table 
1) . Micromolar concentrations of prazosin or 
5-hydroxytryptamine did not inhibit specific ^^l-K&l 
binding. The rank order of inhibition of specific '"l-Mel 

30 binding for human Mel-lb receptor was very similar to that 
found in parallel experiments for the human Mel-la melatonin 
receptor, except that 6chloromelatonin was 10-fold more 
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potent in inhibiting specific '^Si-Mel binding in cells 
expressing htunan Mel-lb receptor (Fig. 20b; Table 1). Thus, 
hximan Mel-lb receptor cDNA encodes a protein with ^^I-Mel 
binding characteristics that are quite similar to those of 
5 the Mel-la melatonin receptor. 

Melatonin Inhibits cAMP Accumulation in Mel- lb-expressing 
Cells. 

The recombinant Mel-lb receptor is coupled to 
inhibition of adenylyl cyclase as is the Mel-la melatonin 

10 receptor (Reppert, S.M. et al. (1994), supra > . 

For these studies, we used clonal lines of NIH 3T3 
cells stably transfected with the receptor cDNA in pcDNA3. 
COS-1 and NIH 3T3 cells were grown as monolayers in 
Dulbecco's modified Eagle's medium (DMEM) supplemented with 

15 10% fetal calf serum, penicillin (50 U/ml) , and streptomycin 
(50 fig/nl) , in 5% COj at 37«C. 

For ligand binding studies, melatonin receptor cONAs 
in pcDNA3 were introduced into COS-l cells using the 
DEAE-dextran method (Cullen, B. (1987) supra ^ . Three days 

20 after transfection, medium was removed, and the dishes were 
washed with PBS. The cells were harvested in Hank's balanced 
salt solution and centAfuged (1400 x g; 10 min, 4'C) . The 
resultant pellets were stored at 80 »C. Crude membrane 
homogenates were prepared by thawing the pellets on ice and 

25 resuspending them in TME buffer (pH 7.4) consisting of 50 mM 
Tris base, 12.5 mM MgC12, ImM EDTA, and supplemented with 
10 ug/ml aprotinin and leupeptin, and 100 /xM 
phenylmethylsulfonylfluoride. The cells were then 
homogenized using a dounce homogenizer and centrifuged 

30 (45,000 X g; 15 min at 4»C) . The resulting pellet was 

resuspended with a dounce homogenizer in TME and frozen at 
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"80 »C in aliquots. Binding assays were performed in 
duplicate in a final volume of 200 /xl, consisting of 20 fxl 
radioligand, 20 ^il TME containing either melatonin or 
displacer, and 160 nl membrane homogenates. Incubations were 
5 initiated by the addition of the membrane preparation and 
were conducted at 37'>C for 60 min. Nonspecific binding was 
defined by 10 mM melatonin. All determinations were done in 
either duplicate or triplicate. Protein measurements were 
performed by the method of Bradford (Bradford, M.M. (1976) 

10 supra) , using bovine serum albumin as the standard. Binding 
data were analyzed by computer using the LIGAND Program of 
Munson and Rodbard (Munson, P.J. & Rodbard, D. (1980) 
supra) . For cAMP studies, the receptor cDNA in pcDNA3 was 
introduced into NIH 3T3 cells using Lipofectamine 

15 (GIBCO/BRL) . Transformed NIH 3T3 cells resistant to 

Geneticin, G418 (at 1.0 mg/ml; Gibco/BRL) were isolated and 
single colonies expressing melatonin receptor binding (>200 
fmol/mg total cellular protein) were isolated. 

Transformed NIH 3T3 cells were plated in triplicate 

20 on 35 mm dishes. Forty-eight hours later, the cells were 
washed (2X) with DMEM and preincubated with 250 xiM 
3-isobutyl-l-methylxanthine (IBMX) in DMEM for 10 min at 
37 »C. Cells were then incubated with or without drugs in 
DMEM with 250 fiU IBMX for 10 min at 37<»C. At the end of 

25 treatment, the medium was aspirated and 0.5 ml of 50 mM 

acetic acid was added. The cells were collected, transferred 
to an Eppendorf tube, boiled for 5 min, and centrifuged 
(13,750 rpm for 15 min). The supernatant was collected and 
assayed for cAMP. All determinations were done in 

30 triplicate. Cyclic AMP levels were determined in duplicate 
by radioimmunoassay (New England Nuclear) . ^^X-K&l was 
purchased from New England Nuclear. All drugs used in 
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competition studies were purchased from Sigma, Research 
Biochemicals or were synthesized by standard methods* All 
other chemicals were purchased from Sigma. 

Results of these studies showed that melatonin 
5 (1 /iM) did not increase basal cAMP levels in stably 

transfected NIH 3T3 cells. Melatonin did cause a dose- 
dependent inhibition of the increase in cAMP accumulation 
induced by 10 /iM forskolin (Fig. 21) ; the maximal inhibition 
of the mean forslcolin stimulated cAMP value was at 10"* M 

10 melatonin. The estimated IC50 value of this response (ca. 1 x 
10"^ M) was very similar to the computer generated value 
(1.11 ± 0.13 X 10'^ M) determined for melatonin inhibition of 
specific ^^I-Mel binding (Fig. 20; Table 1). Thus, the 
recombinant melatonin-lb receptor is negatively coupled to 

15 the cAMP regulatory system. 

Characteristics of the Human High Affinity Mel-lb Receptor 
Gene and its Expression 

Restriction endonuclease mapping and PGR analysis of 
genomic clones showed that the portion of the gene that 

20 encodes the coding region of human Mel-lb receptor is 
comprised of two exons, separated by an intron that is 
approximately 9.0 kb in length. Southern analysis of human 
genomic DNA digested with several different restriction 
endonucleases was performed using a PCR-fragment of the 

25 second exon of human Mel-lb DNA as a hybridization probe. 
Under high stringency conditions, a pattern of single bands 
was observed, suggesting that human Mel- lb receptor is 
encoded by a single copy gene. 

To localize the gene for human Mel-lb, an intronic 

30 PCR assay was developed that would amplify only the human 
Mel-lb receptor gene. A panel of 43 human-rodent somatic 
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cell hybrids that contained defined overlapping subsets of 
human chromosomes was screened (Geissler, E.N. , Liao, M. , 
Brook, J.D., Martin, F.H., Zsebo, K.M. , Housman, D.E. & 
Galli, S.J. (1991) Somatic Cell Genet. 17, 207-214; 
Pelletier, J., Brook, D.J. & Housman, D.E. (1991) Genomics 
10, 1079-1082; NIGMS Mapping Panel #2, Coriell Institute, 
Camden, NJ) . Using primer 5 ' -CTGTGCCTCTAAGAGCCACTTGGTTTC- 
3'(SEQ ID NO: 19) and primer 

5'TATTGAAGACAGAGCCGATGACGCTCA3' (SEQ ID NO: 29), PGR amplified 
a single band only in those cell lines containing hviman 
chromosome 11. The Mel-lb receptor gene was further 
localized to band llq21-22 by PGR screening of a panel of 
somatic cell hybrids containing various deletion fragments 
of human chromosome 11 (Glaser, T. , Housman, D., Lewis, 
W.H., Gerhard, D. & Jones, C. (1989) Somat. Cell. Mol. 
Genet. 15, 477-501; Fig. 23). The gene encoding human Mel-lb 
receptor has been given the designation MTNRl B. 

To assess the tissue distribution of human Mel-lb 
mRNA, comparative RT-PCR analysis was performed using a 
modification of a previously described procedure (Kelly, 
M.R. , Jurgens, J.K. , Tentler, J., Emanuele, N.V. , Blutt, 
S.E., Emanuele, M.A. (1993) Alcohol 10: 185-189). Poly(A)+ 
RNA was purchased from Clontech and 2 ng from each tissue 
was primed with random hexamers and reverse transcribed as 
previously described (Reppert, S.M., Weaver D.R. , Stehle, 
J.H. & Rivkees, S.A. (1991) Mol. Endocrinol. 5:1037-1048). 
The cDNA was subjected to 25 cycles of amplification with 
200 nM each of two specific primers. 

The Mel-lb and Mel-la receptor primers were designed 
so that they would amplify cDNA across the intron splice 
sites in the first cytoplasmic loop. Since the introns for 
both the Mel-lb and Mel-la receptor genes are large (> 8 



kb) , amplification of the appropriate sized cDNA fragments 
would eliminate the possibility of amplification of genomic 
DNA. The human Mel-lb receptor primers were 
5 ' -TCCTGGTGATCCTCTCCGTGCTCA-3 ' ( SEQ ID NO : 2 0 ) and 
5'-AGCCAGATGAGGCAGATGTGCAGA-3' (SEQ ID NO: 21), and amplified 
a band of 321 bp. The Mel-la receptor primers were 
5 ' -TCCTGGTCATCCTGTCGGTGTATC-3 ' ( SEQ ID NO : 2 2 ) and 
5'-CTGCTGTACAGTTTGTCGTACTTG-3'{SEQ ID NO:23), and amplified 
a band of 285 bp. Histone-H3.3 served as a control to verify 
the amount of template for each sample. The histone H3.3 
primers were 5'-GCAAGAGTGCGCCCTCTACTG-3 ' (SEQ ID NO: 24) and 
5'-GGCCTCACTTGCCTCCTGCAA-3'(SEQ ID NO: 25), and amplified a 
band of 217 bp. 

After PGR, the reaction products were subjected to 
electrophoresis through a 1.5% agarose gel and blotted onto 
GeneScreen (New England Nuclear) . To increase the 
specificity of the assay, blots were hybridized with 25-mer 
oligonucleotides, labeled with [y-32P]ATP by T4 
polynucleotide kinase. For each primer pair, the 
oligonucleotide probes were specific for a sequence of the 
amplified fragment between the primers. Oligonucleotide 
sequences were 5'-CTAATCCTCGTGGCCAATCTTCTATG-3 ' (SEQ ID 
NO: 26) for human Mel-lb receptor? 

5'-TTGGTGCTGATGTCGATATTTAACA-3'(SEQ ID NO: 27) for the human 
Mel-la receptor; and 5'-CACTGAACTTCTGATTCGCAAACTT-3' (SEQ ID 
NO:28) for histoneH3.3. Hybridizing conditions were 45»c 
overnight in 0.5 M NaP04 (pH 7.2), 7% SDS, 1% BSA and ImM 
EDTA. The blots were washed twice in 0.2 M NaP04, 1% SDS and 
1 mM EDTA at 45 °C for 30 min. 

A 364 bp fragment of the rat homolog of the human 
Mel-lb receptor cDNA was cloned by RT-PCR from rat brain 
RNA; the rat cDNA fragment was 81% identical at the amino 
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acid level with hviman Mel-lb receptor. The rat fragment was 
used to probe a Northern blot containing 5 ^g poly(A)+ RNA 
from each of 20 different rat tissues. No positive 
hybridization signals were found. Furthermore, in situ 
5 hybridization using an antisense cRNA probe to the rat 

fragment did not reveal a hybridization signal in PT or SCN, 
sites which gave a positive hybridization signal in the same 
in situ run using an antisense cRNA probe to the Mel-la 
receptor (Reppert, S.M. , Weaver, D.R. & Ebisawa, T. (1994) 

10 Neuron 13, 1177-1185). 

Because of the apparent low level of receptor 
transcripts, a comparative RT-PCR assay was used to examine 
the expression of human Mel-lb and Mel-la receptor genes in 
6 human tissues (Fig. 22) . Hianan Mel-lb receptor was 

15 expressed in retina, with much lower expression in whole 
brain and hippocampus. The human Mel-la receptor was 
clearly expressed in whole brain, with just detectable 
expression in retina and hippocampus. Neither Mel-lb nor 
Mel-la receptor mRNA was detected in pituitary, liver of 

20 spleen. To ensure consistency in the amount of RNA reverse 
transcribed and the efficiency of the reverse transcription 
reactions among the tissues examined, the histone H3.3 cDNA 
was amplified from each tissue examined; very comparable 
amplifications occurred among the six tissues (Fig. 22) . 

25 Relative Characteristics o f the Human Hlah Affinitv Me1-ia 

and Mel-lb Receptors 

One feature that distinguishes the Mellb-receptor 

from the Mel-la receptor is its tissue distribution. The 

substantially greater expression of the Mel-lb receptor in 
30 retina suggests that melatonin may exert its effects on 

mammalian retinal physiology through this receptor. 
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Melatonin inhibits the Ca^^^-dependent release of dopamine in 
rabbit retina through activation of receptors with 
pharmacologic specificity comparable with that reported here 
for the Mel-lb receptor (Dubocovich, M.L.& Takahashi, J. 
5 (1987) Proc. Natl. Acad. Sci. USA 84, 3916-3920; Dubocovich, 
M.L. (1983) Nature 306, 782-4). Melatonin appears to act in 
the retina to affect several light-dependent functions, 
including photopigment disc shedding and phagocytosis 
(Besharse, J.C. & Dunis, D.A. (1983) Science 219; 1341-1343; 

10 Cahill, G.M., Grace, M.S. & Besharse, J.C. (1991) Cell. Mol. 
Neurobiol. 11:529-560). 

The discovery of the Mel-lb receptor which has 
similar binding and functional characteristics to those of 
the Mel-la receptor make it conceivable that the Mel-lb 

15 receptor also participates in the circadian and/or 

reproductive actions' of melatonin. Even though Mel- lb 
receptor mRNA is not detectable by in situ hybridization in 
rat SCN or PT, it may be present and functional in these or 
other neural sites at levels not detectable using standard 

20 detection methods. 

A second distinguishing feature of the Mel-lb 
receptor is its chromosome location. The Mel-lb melatonin 
receptor maps to human chromosome llq21-22, a region 
syntenic to mouse chromosome 9 in the region of the 

25 D2-dopamine receptor {Drd2) and thymus cell antigen 1 (Thyl) 
loci (Goldsborough et al. (1993) Nucl. Acids Res. 
21:127-132; Seldin, M.F., Saunders, A.M., Rochelle, J.M. and 
Howard, T.A. (1991) Genomics 9:678-685). This contrasts with 
the Mel-la receptor which maps to hximan chromosome 4q35.1 

30 and mouse chromosome 8. Thus, these two structurally and 
functionally related melatonin receptors did not merely 
evolve by simple tandem duplication of an ancestral gene. 
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but suggests that other mechanisms, such as chromosomal 
rearrangement and duplication, were involved. 

The discovery of a new member of the G 
protein-coupled, melatonin receptor family shows that at 
5 least two distinct genes have evolved to subserve 

melatonin's functions. The development of a method of 
identifying pharmacological agents which selectively affect 
Mel-la and Mel-lb receptor function is an important 
therapeutic application made available by the disclosed 
10 invention. 

Relative Characteris tics of the Xenopus and Mammalian 
Melatonin-la Hiah-Af f initv Receptors 

Acute transfection of COS-7 cells with the Xenopus 
melatonin receptor and the sheep Mel-la receptor clones 

15 results in transient expression of receptors that bind '^I- 
melatonin with high affinity (Fig. 9 and Fig. 12b) . 
Additionally, specific '"l -melatonin binding to Xenopus 
receptor transiently expressed in cells is inhibited by six 
ligands in a rank order that is identical to that reported 

20 for the endogenous Mel-la receptor in reptiles, birds, and 
mammals (Fig. 9) (Dubocovich et al. (1987), supra ; Rivkees 
et al. (1989), supya; Morgan, P.J. et al. (1989) supra ) . 
The ability of the recombinant Xenopus high-affinity 
melatonin receptor to inhibit the forskolin-stimulated 

25 increase in cAMP accumulation in stably transfected CHO 

cells is consistent with studies of the endogenous receptor 
which show that a major signal transduction pathway for the 
high-affinity Mel -la receptor is inhibition of adenylyl 
cyclase (Abe, K. et al. (1969), supra ; White et al. (1987), 

30 supra) . Finally, Xenopus melatonin receptor mRNA is 

moderately expressed in the cells whose RNA was used to 
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generate the cDNA library. Thus, the cloned receptor likely 
mediates the potent effects of melatonin on pigment 
aggregation in frog melanophores . Structurally, the protein 
encoded by the melatonin receptor cDNA defines a new 
5 receptor group within the large superfamily of G protein- 
coupled receptors. 

Previous studies using quantitative '^I-Mel 
autoradiography in the human SCN have generally shown high 
affinity for melatonin and 6-chloromelatonin and very low 

10 affinity for serotonin (Reppert et al., (1988) supra ^ . all 
consistent with the pharmacological characteristics of the 
recombinant human receptor (Fig. 15) . The pharmacological 
characteristics of the recombinant sheep Mel-la receptor are 
virtually identical to those of the endogenous melatonin la 

15 receptor in sheep PT (Morgan et al., J. Endocrinol . (1989) 
1:1-4). The difference between the sheep and human Mel-la 
receptors in their affinities for 6-chloromelatonin is 
reproducible and equally apparent when the sheep and human 
Mel-la receptors are examined in the same assay run. 

20 Polvpeptide Expression 

Polypeptides according to the invention may be 
produced by transformation of a suitable host cell with all 
or part of a high-affinity melatonin receptor-encoding cDNA 
fragment (e.g., the cDNAs described above) in a suitable 

25 expression vehicle, and expression of the receptor. 

Those skilled in the field of molecular biology will 
xinderstand that any of a wide variety of expression systems 
may be used to provide the recombinant receptor protein. 
The precise host cell used is not critical to the invention. 

30 The receptor may be produced in a prokaryotic host (e.g., E. 
coli) or in a eukaryotic host (e.g., Saccharomyces 
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cerevisxae or mammalian cells, e.g., C0S-6M, COS-7 NIH/3T3, 
or Chinese Hamster Ovary cells) . Such cells are available 
from a wide range of sources (e.g., the American Type 
Culture Collection, Rockville, MD) . The method of 
5 transfection and the choice of expression vehicle will 
depend on the host system selected. Transformation and 
mammalian cell transfection methods are described, e.g., in 
Ausubel et al. (Current Protocols in Molecular Biology ^ John 
Wiley & Sons, New York, (1989)); expression vehicles may be 
10 chosen from those provided, e.g., in Cloning Vectors; a 
Laboratorv Manual (Pouwels, P.H. et al., (1985), Supp. 
1987) . 

One particularly preferred expression system is the 
Chinese hamster ovary (CHO) cell (ATCC Accession No. CCL 61) 

15 transfected with a pcDNAI/NEO expression vector (InVitrogen, 
San Diego, CA) . pcDNAI/NEO provides an SV40 origin of 
replication which allows replication in mammalian systems, a 
selectable neomycin gene, and SV40 splicing and 
polyadenylation sites. DNA encoding the human, sheep, or 

20 Xenopus high-affinity melatonin receptor or an appropriate 
receptor fragment or analog (as described above) would be 
inserted into the pcDNAI/NEO vector in an orientation 
designed to allow expression. Other preferable host cells 
which may be used in conjunction with the pcDNAI/NEO 

25 expression vehicle include NIH/3T3 cells (ATCC Accession No. 
1658) . The expression may be used in a screening method of 
the invention (described below) or, if desired, the 
recombinant receptor protein may be isolated as described 
below. 

30 Alternatively, the high-affinity melatonin receptor 

(or receptor fragment or analog) is expressed by a stably- 
transfected mammalian cell line. 
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A number of vectors suitable for stable transfection 
of mammalian cells are available to the public, e.g., see 
Pouwels et al. r supra ^ r methods for constructing such cell 
lines are also publicly available, e.g., in Ausubel et al. 
5 (supra) . In one example, cDNA encoding the receptor (or 
receptor fragment or analog) is cloned into an expression 
vector which includes the dihydrofolate reductase (DHFR) 
gene. Integration of the plasmid and, therefore, the high- 
affinity melatonin receptor-encoding gene into the host cell 

10 chromosome is selected for by inclusion of 0.01-300 fiM. 
methotrexate in the cell culture medium (as described in 
Ausubel et al., suora^ . This dominant selection can be 
accomplished in most cell types. Recombinant protein 
expression can be increased by DHFR-mediated amplification 

15 of the transfected gene. Methods for selecting cell lines 
bearing gene amplifications are described in Ausubel et al. 
(supra) ; such methods generally involve extended culture in 
medium containing gradually increasing levels of 
methotrexate. DHFR-containing expression vectors commonly 

20 used for this purpose include pCVSEII-DHFR and pAdD26SV(A) 
(described in Ausubel et al., supra ^ . Any of the host cells 
described above or, preferably, a DHFR-def icient CHO cell 
line (e.g., CHO DHFR cells, ATCC Accession No. CRL 9096) are 
among the host cells preferred for DHFR selection of a 

25 stably- transfected cell line or DHFR-mediated gene 
amplification. 

One particularly preferred stable expression system 
is a CHO cell (ATCC) stably transfected with a pcDNAI/NEO 
(InVitrogen, San Diego, CA) expression vector. 

30 Expression of the recombinant receptor (e.g., 

produced by any of the expression systems described herein) 
may be assayed by immunological procedures, such as Western 
blot or immunoprecipitation analysis of recombinant cell 
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extracts, or by iiamunof luorescence of intact recombinant 
cells (using, e.g, the methods described in Ausubel et al., 
supya) . Recombinant receptor protein is detected using an 
antibody directed to the receptor. Described below are 
5 methods for producing high-affinity melatonin receptor 

antibodies using, as an immunogen, the intact receptor or a 
peptide which includes a suitable high-affinity melatonin 
receptor epitope. To detect expression of a high-affinity 
melatonin receptor fragment or analog, the antibody is 

10 preferably produced using, as an immunogen, an epitope 
included in the fragment or analog. 

Once the recombinant high-affinity melatonin 
receptor protein (or fragment or analog, thereof) is 
expressed, it is isolated, e.g., using immunoaf f inity 

15 chromatography. In one example, an anti-high-affinity 

melatonin receptor antibody may be attached to a column and 
used to isolate intact receptor or receptor fragments or 
analogs. Lysis and fractionation of receptor-harboring 
cells prior to affinity chromatography may be performed by 

20 standard methods (see, e.g., Ausubel et al., supra ) . Once 
isolated, the recombinant protein can, if desired, be 
further purified, e.g., by high performance liquid 
chromatography (see, e.g.. Fisher, Laboratory Technicmes In 
Biochemistry And Molecu lar Biology , eds., Work and Burdon, 

25 Elsevier, (1980)). 

Receptors of the invention, particularly short 
receptor fragments, can also be produced by chemical 
synthesis (e.g., by the methods described in Solid Phase 
Peptide Synthesis, (1984) 2nd ed. , The Pierce Chemical Co., 

30 Rockford, XL). 

Assays for Hiah-Aff inity Melatonin Receptor Function 
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Useful receptor fragments or analogs in the 
invention are those which interact with melatonin. Such an 
interaction may be detected by an in vitro functional assay 
(e.g., the cAMP accumulation assay described herein). This 
assay includes, as components, forskolin for induced cAMP 
accumulations, melatonin, and a recombinant high-affinity 
melatonin receptor (or a suitable fragment or analog) 
configured to permit melatonin binding (e.g., those 
polypeptides described herein) . Melatonin and forskolin may 
be obtained from Sigma (St. Louis, MO) or similar supplier. 

Preferably, the high-affinity melatonin receptor 
component is produced by a cell that naturally presents 
substantially no receptor on its surface, e.g., by 
engineering such a cell to contain nucleic acid encoding the 
receptor component in an appropriate expression system. 
Suitable cells are, e.g., those discussed above with respect 
to the production of recombinant receptor, such as CHO cells 
or COS-7 cells. 

Screening For Hlgh-Af f in ltv Melatonin Receptor Antagonists 
and Agonists 

As discussed above, one aspect of the invention 
features screening for compounds that antagonize the 
interaction between melatonin and the high-affinity 
melatonin receptor, thereby preventing or reducing the 
cascade of events that are mediated by that interaction. 
The elements of the screen are forskolin to induce 
intracellular accumulation of cAMP, melatonin, and 
recombinant high-affinity receptor (or a suitable receptor 
fragment or analog, as outlined above) configured to permit 
detection of melatonin function. As described above, 
melatonin and forskolin may be purchased from Sigma, and a 
full-length sheep Mel-la receptor or Xenopus high-affinity 
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melatonin receptor, or a human high-affinity melatonin la or 
lb receptor (or a melatonin-binding fragment or analog of 
the Xenopus, sheep or hiaman receptors) may be produced as 
described herein. Preferably, such a screening assay is 
5 carried out using cell lines stably transfected with the 
high-affinity melatonin receptor. Most preferably, the 
untransfected cell line presents substantially no receptor 
on its cell surface. 

Activation of the heterologous high-affinity 

10 melatonin receptor with melatonin or an agonist (see above) 
leads to reduction of intracellular cAMP concentration, 
providing a convenient means for measuring melatonin or 
agonist activity. Such an agonist may be expected to be a 
useful therapeutic agent for circadian rhythm disorders such 

15 as jet lag, day/night cycle disorders in humans or mating 
cycle alterations in animals such as sheep. Appropriate 
candidate agonists include melatonin analogs or other agents 
which mimic the action of melatonin. 

Inclusion of potential antagonists in the screening 

20 assay along with melatonin allows for the screening and 
identification of authentic receptor antagonists as those 
which decrease melatonin-mediated intracellular cAMP 
reduction. Receptor bearing cells incubated with forskolin 
(for initial induction cAMP concentration) or melatonin 

25 (alone, i.e., in the absence of inhibitor) are used as a 
"control" against which antagonist assays are measured. 

Appropriate candidate antagonists include high- 
affinity melatonin receptor fragments, particularly, 
fragments of the protein predicted to be extracellular (see 

30 Fig. 7) and therefore likely to bind melatonin; such 

fragments would preferably including five or more amino 
acids. Other candidate antagonists include melatonin 
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analogs as well as other peptide and non-peptide compounds 
and anti-high-affinity melatonin receptor antibodies. 

Another aspect of the invention features screening 
for compounds that act as high-affinity melatonin receptor 
5 agonists; such compounds are identified as those which bind 
a high-affinity melatonin receptor and mimic the cascade of 
events that are normally mediated by that interaction. This 
screen requires recombinant cells expressing recombinant 
high-affinity melatonin receptor (or a suitable receptor 

10 fragment or analog, as outlined herein) configured to permit 
detection of high-affinity melatonin receptor function. In 
one example, a candidate agonist is added to CHO cells 
stably expressing recombinant receptor and intracellular 
CAMP levels are measured (as described above) . An agonist 

15 useful in the invention is one which imitates the normal 
melatonin-mediated signal transduction pathway leading, 
e.g., to an decrease in intracellular cAMP concentration. 

Appropriate candidate agonists include melatonin 
analogs or other chemical agents capable of mimicking the 

20 action of melatonin. 



Preparation of a Transgenic Animal Containing Recombinant 

Melatonin-la and/or Melatonin-lb Genes 

There are several means by which transgenic animals 

can be made. A transgenic animal (such as a mammal) may be 
25 constructed by one of several techniques, including targeted 

insertion of an exogenous melatonin receptor gene into the 

endogenous gene of the animal, or other methods well known 

to those skilled in the art. 

A transgenic mammal whose germ cells and somatic 
30 cells contain an exogenous melatonin-la or melatonin-lb 

receptor gene is produced by methods known in the art. See, 

for example, U. S. Patent No. 4,736,866 describing 
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production of a transgenic mammal, herein incorporated by 
reference. Generally, the DNA sequence encoding an 
exogenous melatonin-la or -lb receptor gene is introduced 
into the animal, or an ancestor of the animal, at an 
5 embryonic stage {preferably the one-cell, or fertilized 

oocyte, stage, and generally not later than about the 8-cell 
stage) • There are several methods known to the art of 
introducing a foreign gene into an animal embryo to achieve 
stable expression of the foreign gene. One method is to 

10 transfect the embryo with the gene as it occurs naturally, 
and select transgenic animals in which the foreign gene has 
integrated into the genome at a locus which results in its 
expression. Other methods involve modifying the foreign 
gene or its control sequences prior to introduction into the 

15 embryo. For example, the melatonin-la or -lb receptor gene 
may be modified with an enhanced, inducible, or tissue- 
specific promoter. 

Tissues of transgenic mammals are analyzed for the 
presence of exogenous melatonin-la or -lb receptor, either 

20 by directly analyzing mRNA, or by assaying the tissue for 
exogenous melatonin-la or -lb receptor. 

Using the Transgenic Mammal to Determine Melatonin Agonist- 

or Antagonist-Related Effects 

The animals described above can be used to determine 
25 whether candidate compounds are melatonin antagonists or 

agonists for the Mel-la or Mel-lb receptors. 

Assessing Melatonin Agonists or Antagonists in vivo 
One aspect of the invention features screening for 

compounds that agonize or antagonize melatonin activity in 
3 0 vivo. The elements of the screen are a Mel-la or Mel-lb 

transgenic mammal and a potential melatonin agonist or 

antagonist in a suitable formulation for administration to 



the mammal. Detection of a change in the phenotype of 
interest (e.g., sleep/wake cycle or reproductive cycle) 
relative to a control transgenic mammal to which no agonist 
or antagonist has been administered indicates a potentially 
5 useful candidate compound. 

Anti-Hiah-Aff inity Melatonin Receptor Antibodies 

High-affinity melatonin receptor (or immunogenic 
receptor fragments or analogs) may be used to raise 
antibodies useful in the invention. As described above, 

10 receptor fragments preferred for the production of 
antibodies are those fragments deduced or shown 
experimentally to be extracellular. 

Antibodies directed to high-affinity melatonin 
receptor peptides are produced as follows. Peptides 

15 corresponding to all or part of the putative extracellular 
loops or the extracellular N-terminal domain are produced 
using a peptide synthesizer, by standard techniques. The 
peptides are coupled to KLH with m-maleimide benzoic acid 
N-hydroxysuccinimide ester. The KLH-peptide is mixed with 

20 Freund's adjuvant and injected into animals, e.g. guinea 

pigs or goats, to produce polyclonal antibodies. Monoclonal 
antibodies may be prepared using the high-affinity melatonin 
polypeptides described above and standard hybridoma 
technology (see, e.g., Kohler et al.. Nature (1975) 256:495, 

25 1975; Kohler et al., Eur. J. Immunol. (1976) 6:292; Kohler 
®t al., Eur. J. Immunol. (1976) 6:511; Hammerling et al., in 
Monoclonal Antibodies an d T Cell Hvbridomas r Elsevier, NY, 
(1981); and Ausubel et al., supra). Antibodies are purified 
by peptide antigen affinity chromatography. 

30 Once produced, antibodies are tested for specific 

high-affinity melatonin receptor recognition by Western blot 
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or inununoprecipitation analysis (by the methods described in 
Ausubel et al. , supra ) . 

Antibodies which specifically recognize the high- 
affinity melatonin receptor are considered to be likely 
5 candidates for useful antagonists; such candidates are 

further tested for their ability to specifically interfere 
with the interaction between melatonin and its receptor 
(using the functional antagonist assays described herein) . 
Antibodies which antagonize melatonin: high-affinity 
10 melatonin receptor binding or high-affinity melatonin 

receptor function are considered to be useful as antagonists 
in the invention. 



Therapy 

Particularly suitable therapeutics for the treatment 

15 of circadian rhythm disorders in humans as well as for 

regulating changes in the reproductive cycle of seasonally 
breeding animals are the agonists and antagonists described 
above formulated in an appropriate buffer such as 
physiological saline. Where it is particularly desirable to 

20 mimic a receptor fragment conformation at the membrane 

interface, the fragment may include a sufficient number of 
adjacent transmembrane residues. In this case, the fragment 
may be associated with an appropriate lipid fraction (e.g., 
in lipid vesicles or attached to fragments obtained by 

25 disrupting a cell membrane) . Alternatively, anti-high- 
affinity melatonin receptor antibodies produced as described 
above may be used as a therapeutic. Again, the antibodies 
would be administered in a pharmaceutically-acceptable 
buffer (e.g., physiological saline). If appropriate, the 

30 antibody preparation may be combined with a suitable 
adjuvant. 
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The therapeutic preparation is administered in 
accordance with the condition to be treated. Ordinarily, it 
will be administered intravenously, at a dosage, of a 
duration, and with the appropriate timing to elicit the 
5 desired response. Appropriate timing refers to the time in 
the natural circadian rhythm at which administration of 
therapeutic preparation elicits the desired response. 
Alternatively, it may be convenient to administer the 
therapeutic orally, nasally, or topically, e.g., as a liquid 

10 or a spray. Again, the dosages are as described above. 

Treatment may be repeated as necessary for alleviation of 
disease symptoms. 

High-affinity melatonin receptor agonists can be 
used to reentrain the endogenous melatonin rhythm of humans; 

15 alleviate jet lag symptoms in humans; phase shift the 

sleep/wake cycle of some blind people, reinforce entrainment 
of endogenous melatonin rhythm using low intensity 
light/dark cycle; control ovulation in humans; and alter 
reproductive cycles in seasonally breeding animals. 

20 Antagonists may be useful in controlling the initiation or 
timing of puberty in humans. 

The methods of the invention may be used to screen 
therapeutic receptor agonists and antagonists for their 
effectiveness in reducing intracellular cAMP production in 

25 vitro; in altering circadian rythmn; or in altering 

reproductive cycles by the assays described above. Where a 
non -human mammal is treated or where a therapeutic for a 
non-human animal is screened, the high-affinity melatonin 
receptor or receptor fragment or analog or the antibody 

30 employed is preferably specific for that species. 

Other Embodiments 
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Polypeptides according to the invention include any 
high-affinity melatonin receptors (as described herein) • 
Such receptors may be derived from any source, but are 
preferably derived from a vertebrate animal, e.g., a human, 
5 a sheep, or a frog. These polypeptides are used, e.g., to 
screen for antagonists which disrupt, or agonists which 
mimic, a melatonin: receptor interaction (see above) . 

Polypeptides of the invention also include any 
analog or fragment of a high-affinity melatonin receptor 
10 capable of interacting with melatonin (e.g., those derived 
from the high-affinity melatonin receptor extracellular 
domains) . Such analogs and fragments may also be used to 
screen for high-affinity melatonin receptor antagonists or 
agonists. In addition, that subset of receptor fragments or 
15 analogs which bind melatonin and are, preferably, soluble 

(or insoluble and formulated in a lipid vesicle) may be used 
as antagonists to reduce the amplitude of the endogenous 
melatonin cycle possibly providing for the induction of 
puberty in humans. The efficacy of a receptor analog or 
20 fragment is dependent upon its ability to interact with 

melatonin; such an interaction may be readily assayed using 
high-affinity melatonin receptor functional assays (e.g., 
those described herein) . 

Specific receptor analogs of interest include full- 
25 length or partial receptor proteins including an amino acid 
sequence which differs only by conservative amino acid 
substitutions, for example, substitution of one amino acid 
for another of the same class (e.g., valine for glycine, 
arginine for lysine, etc.) or by one or more non- 
30 conservative amino acid substitutions, deletions, or 

insertions located at positions of the amino acid sequence 
which do not destroy the receptors' ability to signal 
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melatonin-mediated reduction in intracellular cAMP 
concentration (e.g., as assayed above). 

Specific receptor fragments of interest include any 
portion of the high-affinity melatonin receptor which is 
5 capable of interacting with melatonin, for example, all or 
part of the extracellular domains (described above) . Such 
fragments may be useful as antagonists (as described above) , 
and are also useful as immunogens for producing antibodies 
which neutralize the activity of the high-affinity melatonin 

10 receptor in vivo (e.g., by interfering with the interaction 
between the receptor and melatonin; see below) . 

Extracellular regions of novel high-affinity 
melatonin receptors may be identified by comparison with 
related proteins of similar structure (e.g., other members 

15 of the G-protein-coupled receptor superf amily) ; useful 

regions are those exhibiting homology to the extracellular 
domains of well-characterized members of the family. 

Alternatively, from the primary amino acid sequence, 
the secondary protein structure and, therefore, the 

20 extracellular domain regions may be deduced semi -empirically 
using a hydrophobicity/hydrophilicity calculation such as 
the Chou-Fasman method (see, e.g., Chou and Fasman, Ann. 
Rev. Biochem. (1978) 47:251). Hydrophilic domains, 
particularly ones surrounded by hydrophobic stretches (e.g., 

25 transmembrane domains) present themselves as strong 
candidates for extracellular domains. Finally, 
extracellular domains may be identified experimentally using 
standard enzymatic digest analysis, e.g., tryptic digest 
analysis. 

30 Candidate fragments (e.g., any extracellular 

fragment) are tested for interaction with melatonin by the 
assays described herein (e.g., the assay described above). 
Such fragments are also tested for their ability to 



antagonize the interaction between melatonin and its 
endogenous receptor using the assays described herein. 
Analogs of useful receptor fragments (as described above) 
may also be produced and tested for efficacy as screening 
components or antagonists (using the assays described 
herein) ; such analogs are also considered to be useful in 
the invention. 

Other embodiments are within the claims. 

What is claimed is: 
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Claims 



1 1. Substantially pure DNA encoding a high-affinity 

2 melatonin receptor. 

1 2. The DNA of claim 1, wherein said DNA is genomic 

2 DNA. 

1 3. The DNA of claim 1, wherein said DNA is cDNA. 

1 4. The DNA of claim 1, wherein said DNA is 

2 mammalian. 

1 5. Substantially pure DNA having the sequence of 

2 Fig. 1 (SEQ ID N0:1), or degenerate variants thereof, and 

3 encoding the amino acid sequence of Fig. 1 (SEQ ID NO: 2). 

1 6. Substantially pure DNA having the sequence of 

2 Fig. 2 (SEQ ID NO: 3), or degenerate variants thereof, and 

3 encoding the amino acid sequence of Fig. 2 (SEQ ID NO: 4). 

1 7. Substantially pure DNA comprising the DNA 

2 sequence of Fig. 4 (SEQ ID NO: 5), or degenerate variants 

3 thereof, and encoding an amino acid sequence comprising the 

4 amino acid sequence of Fig. 4 (SEQ ID NO: 6). 

1 8. Substantially pure DNA comprising the DNA 

2 sequence of Fig. 5 (SEQ ID NO: 11), or degenerate variants 

3 thereof, and encoding an amino acid sequence comprising the 

4 amino acid sequence of Fig. 5 (SEQ ID NO: 12). 
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1 9. Substantially pure DNA comprising the DNA 

2 sequence of Fig* 3 (SEQ ID NO: 13), or degenerate variants 

3 thereof, and encoding an amino acid sequence comprising the 

4 amino acid sequence of Fig. 3 (SEQ ID NO: 14). 

1 10. Substantially pure DNA comprising the DNA 

2 sequence of Fig. 6 (SEQ ID NO: 15), or degenerate variants 

3 thereof, and encoding an amino acid sequence comprising the 

4 amino acid sequence of Fig. 6 (SEQ ID NO: 16). 

1 11. Substantially pure DNA having 50% or greater 

2 sequence identity to the DNA sequence of Fig. 2 (SEQ ID 

3 NO: 3) and encoding a protein capable of binding melatonin. 

1 12. Substantially pure DNA which hybridizes to the 

2 DNA sequence of Fig. 1 (SEQ ID N0:1) under conditions of 

3 high stringency. 

1 13. Substantially pure DNA which hybridizes to the 

2 DNA sequence of Fig. 2 (SEQ ID NO: 3) under conditions of 

3 high stringency. 

1 14. Substantially pure DNA which hybridizes to the 

2 DNA sequence of Fig. 4 (SEQ ID NO: 5) under conditions of 

3 high stringency. 

1 15. Substantially pure DNA which hybridizes to the 

2 DNA sequence of Fig. 5 (SEQ ID NO: 11) under conditions of 

3 high stringency. 
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1 16. Substantially pure DNA which hybridizes to the 

2 DNA sequence of Fig. 3 (SEQ ID NO: 13) under conditions of 

3 high stringency. 

1 17. Substantially pure DNA which hybridizes to the 

2 DNA sequence of Fig. 6 (SEQ ID NO: 15) under conditions of 

3 high stringency. 



1 18. Substantially pure high-affinity melatonin 

2 receptor protein. 



1 19. The receptor protein of claim 18, having an 

2 amino acid sequence substantially identical to the amino 

3 acid sequence shown in Fig. 1 (SEQ ID N0:2) . 

1 20. The receptor protein of claim 18, having an 

2 amino acid sequence substantially identical to the amino 

3 acid sequence shown in Fig. 2 (SEQ ID NO: 4). 



1 21. The receptor protein of claim 18, comprising 

2 the amino acid sequence of Fig. 3 (SEQ ID NO: 6). 



1 22. The receptor protein of claim 18, having an 

2 amino acid sequence substantially identical to the amino 

3 acid sequence shown in Fig. 4 (SEQ ID NO: 12). 

1 23. The receptor protein of claim 18, having an 

2 amino acid sequence substantially identical to the amino 

3 acid sequence shown in Fig. 3 (SEQ ID NO: 14). 
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1 24. The receptor protein of claim 14, having an 

2 amino acid sequence substantially identical to the amino 

3 acid sequence shown in Fig. 6 (SEQ ID NO: 16). 

1 25. A substantially pure polypeptide having an 

2 amino acid sequence which is at least 80% identical to the 

3 amino acid sequence shown in Fig. 1 (SEQ ID NO: 2), wherein 

4 a) said polypeptide binds melatonin; and 

5 b) said polypeptide mediates a decrease in 

6 intracellular cAMP concentration in a cell expressing said 

7 polypeptide on its surface. 



1 26. A substantially pure polypeptide having an 

2 amino acid sequence which is at least 80% identical to the 

3 amino acid sequence shown in Fig. 2 (SEQ ID NO: 4), wherein 

4 a) said polypeptide binds melatonin; and 

5 b) said polypeptide mediates a decease in 

6 intracellular cAMP concentration in a cell expressing said 

7 polypeptide on its surface. 

1 27. A substantially pure polypeptide having an 



2 amino acid sequence which is at least 80% identical to the 

3 amino acid sequence shown in Fig. 5 (SEQ ID NO: 12), wherein 

4 a) said polypeptide binds melatonin; and 

5 b) said polypeptide mediates a decrease in 

6 intracellular cAMP concentration in a cell expressing said 

7 polypeptide on its surface. 
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1 28. A substantially pure polypeptide having an 

2 amino acid sequence which is at least 80% identical to the 

3 amino acid sequence shown in Fig. 3 (SEQ ID NO: 14), wherein 

4 a) said polypeptide binds melatonin; and 

5 b) said polypeptide mediates a decrease in 

6 intracellular cAMP concentration in a cell expressing said 

7 polypeptide on its surface. 

1 29. A substantially pure polypeptide having an 

2 amino acid sequence which is at least 80% identical to the 

3 amino acid sequence shown in Fig. 6 (SEQ ID NO: 16), wherein 

4 a) said polypeptide binds melatonin; and 

5 b) said polypeptide mediates a decrease in 

6 intracellular cAMP concentration in a cell expressing said 

7 polypeptide on its surface. 

1 30. A substantially pure polypeptide which is a 

2 fragment or analog of a high-affinity melatonin receptor 

3 comprising a domain capable of binding melatonin and 

4 mediating a decrease in intracellular cAMP concentration. 

1 31. A vector comprising the DNA of claim 1. 

1 32. A cell which contains the DNA of claim 1. 
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1 33. A method of testing a candidate compound for 

2 the ability to act as an agonist of a high affinity 

3 melatonin receptor ligand, said method comprising: 

4 a) contacting said candidate compound with a cell 

5 which expresses on its surface a recombinant high-affinity 

6 melatonin receptor protein or melatonin binding fragment or 

7 analog thereof; 

8 b) measuring intracellular cAMP concentration in 

9 said cell; and 

10 c) identifying said candidate compound as an agonist 

11 where said contacting causes a decrease in intracellular 

12 cAMP concentration. 

1 34. A method of testing a candidate compound for 

2 the ability to act as an antagonist of a high affinity 

3 melatonin receptor ligand, said method comprising: 

4 a) contacting said candidate compound with a cell 

5 which expresses on its surface a recombinant high-affinity 

6 melatonin receptor protein or melatonin binding fragment or 

7 analog thereof; 

8 b) measuring binding between said receptor protein 

9 and melatonin; and 

10 c) identifying said candidate compound as an 

11 antagonist where said contacting causes a decrease in 

12 binding between said recombinant high-affinity melatonin 

13 receptor protein and melatonin. 

1 35. The method of claim 25 or 26, wherein said cell 

2 is a mammalian cell which normally presents substantially no 

3 high-affinity melatonin receptor on its surface. 
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1 36* A therapeutic composition comprising as an 

2 active ingredient high-affinity melatonin receptor agonist, 

3 said active ingredient being formulated in a 

4 physiologically-acceptable carrier. 



69 



Attorney Docket No.: 00786/276001 
HIGH-AFFINITY MELATONIN RECEPTORS AND USES THEREOF 

Abstract of t,he Disclosure 

Disclosed are cDNAs and DNAs encoding high-affinity 
melatonin la and lb receptors and the recombinant 
polypeptides expressed from such cDNAs. The recombinant 
receptor polypeptides, receptor fragments and analogs 
expressed on the surface of cells are used in methods of 
screening candidate compounds for their ability to act as 
agonists or antagonists to the effects of interaction 
between melatonin and high-affinity melatonin receptor. 
Agonists are used as therapeutics to reentrain endogenous 
melatonin rhythms as a means of treating circadian rhythm 
disorders in humans and control reproductive cycles in 
seasonally breeding animals. Antagonists are used as 
therapeutics to control the initiation or timing of puberty 
in hiimans. Antibodies specific for a high-affinity 
melatonin receptor (or receptor fragment or analog) and 
their use as a therapeutic are also disclosed. 

24650. Pll 
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Fig. 1 



tGCCTATCTCCCTTTGCCAGGGGGCAGAGAAATGAT^ 

1 + + ^ ^ ^ ^ gQ 

aCGGATAGAGGGAAAOSGTCCCCXCTCTCm 
b MMEVNSTCLD- 



TTGCAGGACACCTGGTACCATACGAACAGAGCAGCyVT^ 

61 " ~+ ^ ^ ^ 120 

AACGTCCTGTGGACCAlXX?rATGCTTGT^^ 

b CRTPGTIRTEQDAQDSASQG- 



ACTCACCTCTGCCCTGGCGGTGGTTCTTATAT^ 

121 ^ + + + + 180 

TGAGTGGAGACGGGACCGCCACCAAGAATATAAGTGGTAACAACACCTAC^ t 

b LTSALAVVLIFTIVVDVLGN- 



Fig. 1 

tatattggtcattttgtccgtcctgaggaacaagaagctgcagaacgctggaaatctctt Continued 

181 ^ + * + 240 

acataaccagtaaaacagacaggactccttgttcttcgacgtcttacgacctttagagaa 

b ILVILSVLRNKKLQNAGNLF- 

tgttgtcagtttgtctattgccgatCroGTTGTTGCT^^ 
241 + + ^ + +. : ^ 

acaacagtcaaacagataacggctaGACCAACAACGACACATAGGGATAGGCCAGTAAGA 
b VVSLSIADLVVAVYPyPVIL- 

CATAGCTATTTTOIAGAATGGATGGACGCT^^ 
301 + + ^ + ^ ^ 350 

GTATCGATAAAAGGTCTTACCTACCTGCGAACCTTTATAGCT^ 
b lAIFQNGWTLCNIHCQISGF- 

CCTGATGGGACTCAGCGTTATTGGATCAGTCT^^ 
361 ^ + ^ + ^ ^ 420 

GGACTACCCTGAGTCGCAATAACXTAGTCAGAAGTTGTATT^ 
b LMGLSVIGSVFNITAIAINR- 



GTATIXXTTACATCTGCCACAGCCTGAGATATGACAA^GC^ 

421 * ^ ^ + + ^ 480 

CATAACGATGTAGACGGTGTCGGACTCTATACTGTTCGAAATAT^^ 

b YCYICHSLRYDKLiYNQRSTW- 



GTGCTACCTTGGCCTGACATGGATACTAACTATAATT^^ 

481 + + + + + ^ 540 

CACGATGGAACCGGACTGTACCTATGATTGATATTAACGTTAGC^ 



Fig. 1 
Continued 



CYLGLTWILTIIAIVPNFFV- 



TGGATCACTAaVGTATGACCCCAGGATTTTTT^^ 

541 * + * + + 600 

ACCTAGTGATGTCATACTGGGGTCCTAAAAAAGAACGTGTAAACGCGT^^ 



GSLQYDPRIFSCTFAQTVSS 



CTCATACACCATAACAGTAGTGGTGGTGCATTTTATAGTCCCT^^ 

601 + + + ^ + + 660 

GAGTATGTGGTATOTrcATCACCACXACGTAAAA 



SYTITVVVVHFIVPLSVVTF- 



CTGTTACTTAAGAATATGGGTTTTAGTGATCCAAGTC^^ 

661 + + + —-H ^ ^ 720 

GACAATGAATTCTTATACCCAAAATCACTAGGTTCAGTT^^ 



CYLRIWVLVIQVKHRVRQDF- 



CAAGCAAMGTTGACACAAACAGACTTGAGAAATT^^ 

721 + ~+ + ^ 780 

GTTCGTITnZAACrGTGTTTGTC^^ 



KQKLTQTDLRNFLTMFVVFV- 



ACTTTTTGCAGTTTGCTGGGCCCCOT 

781 + + + + + + 840 

TGAAAAACGTCAMCGACCCGGGGGMTITGAAATAGCCGGA^ 



LFAVCWAPLNFIGLAVAINP- 



GTTTCATGTGGCACCAAAGATTCCAGAATGGCTC 

841 + + + + + + 900 

a^AAGTACACCGTGGTTTCTAAGGTCTTACX:GA^ 



FHVAPKIPEWLFVLSYFMAY- 



TTTTAACAGTTGTCTCAATGCTGTTATATAT^^ 

901 + ^ + — + + 960 

AAAATTGTCAACAGAGTTACGACAATATATACCACACGATTTAGTT^^ 



Fig. 1 
Continued 



b FNSCLNAVIYGVLNQNFRKE- 



GTACAAAAGAATACTGATGTCCTTATTGACTCC^ 

961 + + + + + + 1020 

CATGTTTTCTTATGACTACAGGAATMCI^GGT^^ 

YKRILMSLLTPRLLFLDTSR- 



AGGAGGAACTGAGGGATTGAAAAGTAAGCCTTCGCC^ 

1021 + + +- + 1080 

TCCTCCTTGACTCCCTAACTTTTC^ 

GGTEGLKSKPSPAVTNNNQA- 



AGATATGCTAGGJ^SAAGCAAGGTCACrrcr^^ 

1081 + + ^ — — + ^ 1140 

TCTATACGATCCTCTTCGTTCCAGTGACACCGACT^^ 

DMLGEARSLWLSRRNGAKMV- 



GATCATCATCAGGCCAAGAAAAGCACAAATTGCAATCATCC^ 

1141 -* + + + + 1200 

CTAGTAGTAGTCCGGTTCTrrrCGTGTTTAACGCT 



IIIRPRKAQIAIIHQIFWPQ 



GAGTTCATGGGCAACATGCCGTCAAGACACAAAGATO^ Fig. 1 

^201 - * * ^ -'"^ ^ 1260 ContinijPd 

SSWATCRQDTKITGEEDGCR- 



TGAACTGTGCAAGGACGGGATTTCCCAAAGGTGAGACCC^ 

1261 + + + + + ^ 1320 

ACTTGACACGTTCCTGCCCTAAAGGGTTTCC^^ 

ELCKDGISQR* SEQIDN0:2 



Fig. 2 



GGGAGCTCGACGCTCTGGGGATCCACCGGCGCCGGCCCTGCCAG^ 

1 ^ + ^_ ^ ^ ^ 

CCCTCGAGCTGCGAGACCCCTAGGTGGCCGCGGCCGGGACGGTCGCGCTACCGCCCCrc 

M A G R - 



CTGTGGGGCTCGCCGGGCGGGACCCCG^GGGCAACC5GCAGCAGCGCGC^^ 
61 + ^ ^ ^ ^ ^ 

GACJ^CCCCGAGCGGCCCGCCCTGGGGGTTCCCGTTGCCCrrcGTCGCGCa^ 
LWGSPGGTPKGNGSSALLNV 



TCGCAGGCGGCGCCCGGCGCCGGGGACGGTGTGCGGCCGCGGCCCTCGTGGC^^ 
121 + + + + + + 190 

AGCGTCCGCCGCGGGCCGCGGCCCCTGCCACACGCCGGCGCCGGGAGCACCGACCGGCGG 
SOAAPGAGDGVRPRPSWLAA 



Fig. 2 
Continued 

ACCCTCGCCTCCATCCTCATCTTCACCATCGTGGTGGACATCGTGGGCMCCTCCTGGTC 

* * + + + + 240 

TGGGAGCGGAGGTAGGAGTAGMGTGGTAGCACCACCTGTAGCACCCGTTGGAGGACCAC 

TLASILTFTIVVDIVGNLLV 



GTCCTGTCCGTGTATCGGAACAAGAAGCTGAGGAACGCAGGGAATGTGTTTGTGGT^ 
241 + + + + ^ ^ 3QQ 

CAGGACAGGCACATAGCCTTGTTCTTCGACTCCTTGCGTCCCTTACACAAA^ 
VLSVYRNKKLRNAGNVFVVS 



CTGGCAGTTGCAGACCTGCI«nX3GCCGTGTATCCGTACCCCl^^ 
301 + + * ^ ^ ^ 360 

GACCGTCAACGTCTGGACGACCACCGGCACATAGGCATQGGGAACCGCGACCGCAGATAT 
LAVADLLVAVYPYPLALASI 



GTTAACAATGGGTGGAGCCTGAGCTCCCTGCATTGCCAACTTAGTGGCI^^ 
361 ^. ^ ^ ^ ^ 420 

CAATTGTTACCCACCTCGGACrcGAGGGACGTAACGGTIX3AATCACCGAAGGACTACCOT 
VNNGWSLSSLHCQLSGFLMG 



TTGAGCGTCATCGGGTCCGTTTrcAGCATCACGGGAATTGCCATCAAC 
421 - + + * + * ^ 

MCTCGCAGTAGCCCAGGCAAAAGTCGTAGTGCCCTTMCGGTAGTTGGCGATAACGACG 
LSVIGSVFSITGIAINRYCC 



ATCTGCO^CAGCCTCAGATACGGCAAGCTGTATAGCGGCACGAATTCCCTCT^ 
481 ^ + ^ ^ ^ 54Q 

TAGACGGTGTCGGAGTCTATGCCGTTCGACATATCGCCGTGCTTAAGGGAGACGATGCAC 
ICHSLRYGKLYSGTNSLCYV 



TTCCTGATCTGGACGCTGACGCTCGTGGCGATCGTGCCCAACCTGTG^ 
541 ^ ^ ^ ^ ^ ^ 

AAGGACTAGACCTGCGACTGCGAGCACCGCTAGCACGGGTTGGACACACACCCCTGGGAC 
FLIWTLTLVAIVPNLCVGTL 



CAGTACGACCCGAGGATCTATTCCTGTACCTTCACGCAGTCCGTCAGCTCAGCCTACACG 
601 ^ + ^ ^ ^ ^ ggO 

GTCATGCTGGGCTCCTAGATAAGGACATGGAAGTGCGTCAGGCAGTCGAGTCGGATGTGC 



Fig. 2 

ATCGCCGTGGTGGTGTTCCATTTCATAGTTCCGATGCTCGTAGTCGTCT^^ Continued 

— * * * + + 720 

TAGCGGCACCACCAO^GGTAAAGTATOiAGGCTACGAGCATCAGCAGAAGACAAT^ 

lAVVVFHFIVPMLVVVFCYL - 



AGAATCTGGGCCCTGGTTCTTCAGGTCAQATGGAAGGTGAAACCGGACAACAAACCGA^ 

TCTTAGACCCGGGACCAAGAAGTCCAGTCTACCTTCCACTITGGCCTGTT^^ 

RIWALVLQVRWKVKPDNKPK 



CTGAAGCCCCAGGACTTCAGGAATTTTGTCACCATGTTTGTGGT^^ 

781 + + + ^ ^ ^ g^Q 

GACTTCGGGGTCCTGAAGTCCTTAAAACAGTGGTACAAACACCAAAAACAGGAGAA^ 
LKPQDFRNFVTMFVVFVLFA 



ATTTGCTGGGCTCCTCTGAACTTCATTGGTCTCGTT^^ 

841 + + + ^ ^ gQQ 

TAAACGACCCGAGGAGACTTGAAGTAACCAGAGCAACACCGGAGCCTGGGGCGGTCGTAC 
ICWAPLNFIGLVVASDPASM - 



Fig. 2 

GCACCCAGGATCCCCGAGTGGCTGTTTGTGGCTAGTTACTATATGG^ Continued 
901 ^ + + ^ ^ ^ 9gQ 

CGTGGGTCCTAGGGGCTCACCGACAAACACCGATCAATGATAT^^ 
APRIPEWLFVASYYMAYFNS 



TGCCTCAATGCGATQ^TATATGGACTACTGAACCAAAATT^ 

961 + + + ^ + ^ 1020 

ACGGAGTTACGCTAGTATATACCI^TGACTTGGTTTO 

CLNAIIYGLLNQNFRQEYRK - 



ATTATAGTCTCATIOTGTACCACCAAGATGTTCTTO 

1021 + + +~ + + + 1080 

TAATATCAGAGTAACACATGGTGGTTCTACAAGAAACACCTATC 

a IIVSLCTTKMFFVDSSNHVA 



GATAGAATTAAACGCAAACCCTCTCCATTAATAGCCAACCATAACCTAATAAA 

1081 + + + + + + 1140 

CTATCTTAATTTGCGTTTGGGAGAGGTAATTATCGG 

DRIKRKPSPLIANHNLIKVD 



TCCGTTTAA SEQ ID NO: 3 

1141 1149 

AGGCAAATT 

a S V * - SEQ ID N0:4 



Fig. 3 



ATGAAGGGCAATGTCAGCGAGCTGCTCAATCCCACTCAGCAGGCTCCAGGCGGCa 
^ ^ _^ ^ ^ 

TAC'r-rCCCGTTACAGTCGCTCGACGAGTTACGGTGAGTCGTCCGAGCTCCGCCGCCCCTC 
MKGNVSELLNATQQAPGGGE 



GGAGCGAGACCACGACCGTCCTGGATGCCCTCTACACTGGCCTTCATCCTCATCTTTACC 

51 - * +— ^ + ™> 120 

CCTCCCTCTGGTGCTGGCAGGACCTACCGGAGATGTGACCGGAAGTAGGAGTAGAAAT^ 

GGRPRPSWMASTLAPILIPT 



ATCGTGGTGGACAITCTGGGCAACCTCCTCC^ 

121 + V ^ + 180 

TAGCACCACCTGTAAGACCCGTTGGACGACCAGTAGGACAGACACATGGC G TT G Tl^^ 

IVVDILGNLLVXLSVYRNKK - 



CTCACGAACTCAGGGAA'IWlWrTTGTGGTGAGTTTAGCTGTGGCAGA^ 
181 ^ ^ ^„ ^ ^ 240 

GAGTCCTTGAGTCCCTTATATAAACACCACTCAAA'ICGACACCGTCTGGAGC^ 
LRNSGNIFVVSLAVAOLVVA 



critacccttatcccttgotgctcacatctatcc'rraacaacggatccaatctgggatat 
'• — ^ ^ jOO 3 

CAAATGGGAATAGGGAACCAC'JACTGTAGATAGGAATraTTGCCTACCTTAGACCCTATA COPtinued 
VYPYPLVLTSILNNGWNLGY - 



CTACACI'GTCAAGTCAGCGCATTTCTAATGGGCTTGAGTGTCATCGGCrCGATATTGAAC 

^- — ^ 1 + 3 

GA'IXSTGACAGTTCAGTCGCGTAAAGATTACCCGAACTCACAGTAGCCGACCTATAACTTa 

LHCQVSAFCiMGLSVIGSILN - 



Alx:ACGa:(»TCGCrATaAACCGTTACTGCTACATTTGCCACAGCCTCAACrrACG^ 
361 — >• ■»• + 1. ^ 

TAGTCCCCCTAGCGATACrTGGCAATGACCATGTAAACGGTGTCGGAGTICATGCTC^^ 
TTGIAMNRYCYICHSLKVDK - 



ATATACAGTAACAAGAACrCGCKnXJCTACGTGTTCCltiy^TATGGATG 
421 + * ♦ ^ + f 

TATATGTCATrGTTCTTGAGCGAGACGATGCACAAGGACTATACCTACGACTGTGAGTAG 
lYSNKNSLCYVFLIWMLTLI 



GCCATCATGCCCAACCrGCAAACCGGAACAClXrCAOTACGATCCCCGGATCTACTCCTGT 
481 — + > — ♦ + 540 

CGGTAGTACGGGTTCGACG'rTTGGCCTTG'rGAGGTCATGCrAGGCCCCTAGATGACaACA 
AIMPNLQTGTLQYDPRIYSC 



ACCTTCACCCAG-rCTGTCAGCaxrAGCGTACACGATAGCAGTGG'rGGTTTTCCATI^ r^^^^' ^ . 

541 ^ ^ ^ ^ ^ Continued 

TGGAAGTGGGi'CAGACAGTCGAGTCGCATGTGCTATCGTCACCACCAAAAGGTAAAGrAG 
TFTQSVSSAYTIAVVVPHFI - 



GTGCCTATGATTATroTCATCTTCTGCTACTTAAGGATATGGGTCCTGGTCCT^ 
601 + + + , ^ 

CACGGATACTAATAACAGTAGAAQACGATGAATTCCTATACCCAGGACCACGAAGTCCAG 
a VPMIIVIFCYLRIWVLVLQV 



AGACGGAGGGTGaAACCCGACJUUaJKGCCCAAACTGAAGCCCCAGaACTTC^ 
TCTGCCrCCCACTITCCGCTGTTGTTCGGGTTTGAC^ 

RRRVKPDMKPKLKPQDFRMP 



GTCACCAlX?ITCGTAGTTl»nX3TACTTTmCCATTTGTTGGG^ 
"^21 + + + — + ♦ ^ 780 

CAGTGGTACAAGCATCAAAAACATGAAAAACGGTAAACAACCCCX3GGTCAGTTGGAGTAT 

A V T M F V V F V L F A : C W A ? L N L I 



Fig- 3 

GGTCTTATTGTCGCCTCAGACCCTGCCACCATGGTCCCCAGGATCCCA^ 

781 — K ^ ^ ^ ^ 840 Continued 

CCAGAATA?^ACCGGAGTCTGGGACCGTGGTACCAGGGCTCCTACK» 
GLIVASDPATMVPRIPEWIiF 



GTGGCTAG'rrACTACCTGCCGTACTTauU^ 

341 + + -+ ^ 900 

CACCGATCAA'iXSATCGACCGCATGAAGTTGTCC^ 



CTGAATCAGAATTTCAGAAAGGAATACAAAAAGATTATTGTC^ 

901 — ^ ^ 960 

GACTTAGTCTTAAAGTCTTTCCTTA TC TTTO 

LNQNPRKEyKKIIVSLCTAK 



ATGTTCTTTG'rGGAGAGTTCAAATGAAGAAGCA^ 

951 ^ ► ^ 1020 

TACAAGAAACACCTCTCAAGrmCTTCTTCGTCTATT^ 

MFFVESSNEEADKIKCKPSP 



Fig. 3 
Continued 

^ CTAATACCCAATAATAACrrCCTCCCGGTGGACTCTGTTTAA (s^q ,q |^q 
GATTATGGGTTATTATTGAAGGAGGGCCACCTGAGACAAATT 
LIPNNNFLPVDSV* (SEQIDN0:14) 
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Fig. 4 



ggaaacatctttgtggtgagcttagcggtggcagacctggtggtggccatttatccgtac 
cctttgtagaaacaccactcgaatcgccaccgtctggaccaccaccggtaaataggcatg 
GNIFVVSLAVADLVVAIYPY - 



ccgttggtgctgatgtcgatatttaacaacgggtggaacctgggctatctgcactgccaa 
ggcaaccacgactacagctataaattgttgcccaccttggacccgatagacgtgacggtt 
PLVLMSIFNNGWNLGYLHCQ - 



gtcagtgggttcctgatgggcctgagcgtcatcggctccatattcaacatcaccggcatc 

121 + — + * * * 

cagtcacccaaggactacccggactcgcagtagccgaggtataagttgtagtggccgtag 

VSGFLMGLSVIGSIFNITGl - 



gccatcaaccgctacTCTTACATCTGCCACAGTCTCAAGTGCGAC^ 

181 * * * * * 240 

cggtagttggcgatgACMTGTAGACGGTGTCAGAGTTCACGCTG™^ 

AINRYCYICHSLKCDKLYSS - 



AAGMCTCCCTCTGCTACGTGCTCCTCATATGGCTCCTGAC^ 

241 - ^ + + -+ + + 300 

TTCTTGAGGGAGACGATGCACGAGGAGTATACCGAGGACTGCCG^^ 

KNSLCYVLLIWLLTAAVLPN 



CTCCGTCGTGGGACTCTCCAGTACGAGCCGAGGATCTAC^ 

301 + +- + + -h— ^ 360 

GAGGCAGCACCCTGAGAGGTCATGCTCGGCTCCTAGATGAGCA 

LRRGTLQYEPRIYSCTFAOS 



GTCAGCTCCGCCTACACCATCGCCGTGGTGGTTTTCO^C^ 
361 + + + + + + 420 

CAGTCGAGGCGGATGTGGTAGCGGCACCACCAAAAGGTGAACKSAGCAGGGGTAC^^ 
VSSAYTIAVVVFHFLVPMII 



GTCATCTTCTGTTACCTGAGAATATGGATCCT^^ 

421 + + ^ + + + 480 

CAGTAGAAGACAATGGACTCTTATACCTAGGACCAAGAGGTCCA 

VIFCYLRIWILVLQVRQRVK - 



Fig. 4 
Continued 



CCTGACCGCAAACCCAMCTGAMCCACACGACTTCAGGAATT^^ 

481 + + + + 540 

GGACTGGCGTTTGGGTTTGACTTTGG^^ 

PDRKPKLKPHDFRNFVTMFV 



GTTTTTGTCCTTTITGCCATTO^^ 
541 + + + + ^ ^ 500 

CAAAMCAGGAAAMCGGTAAACGACCCGAGGAGACTTGAAGTAACCGGACCGGC^ 
VFVLFAICWAPLNFIGLAVA 



TCTGACCCCGCCAGCATGGTGCCTAGGATCCCAGAGTGCXr^^ 

601 + + + -f + -t" 660 

AGACTGGCSGCGGTCGTACCACGGATCCTACXXnr^ 

a SDPASMVPRIPEWLFVASYY 



ATGGCGTATTTCAACAGCTGCCTCAATGCCATTATATC 

661 + + ^ + 720 

TACCGCATAAAGTICTCGACGGAGTTACGGTAATATAGCCCGATGACCT^ ^ 

MAYFNSCLNAIISGYWNQNF - 



AGGAAGGAATACAGGAGA\TTATAGTCTCGCTCGTGACAGCCAGGGT^^ 

721 — + +— ~+ + + + 780 

TCCTTCCTTATGTCCTCTTAATATCAGAGCGAGCACT^ 

RKEYRRIIVSLVTARVFFVD - 



AGCTCTAACGACGTGGCCGATAGGGTTAAATGGAAACCGTCTCCAC^^ 

781 + + + + + + 840 

TCGAGATTGCTGCACCGGCTATCCCAATTTACCTTTGGCAG^ 

SSNDVADRVKWKPSPLMTNN 



AATGTAGTAAAGGTGGACTCCGTTTAA SEQ ID NO: 5 

841 + 867 

TTACATCATTTCCACCTGAGGCAAATT 

N V V K V D S V * - SEQ ID NO: 6 



Fig. 5 



ATGGCCCTGCGGCCGGSACGCGAACAGGGACCATgZAGGGCAACGGCAGCGCG^ 

1 ^ ^ ^ ^ ^ ^ gQ 

TACCGGGACGCCGGCCCTGCGCTTGTCCCT^ 

MQGNGSALPN- 



61 ^ + ^ ^ ^ 220 

TGCGGAGGGTCGOTCACGAGGCGCCCCTGCCGCGCGCCGGGAGCAC 

ASQPVLRGDGARPSWLASAL- 



TAGCCTGCGrrCCTOmriTCACC&TCGT^^ 

121 ^ ^ ^ ^ ^ + 180 

ATCGGACGCAGGAGTAGAAGTGGTAGCACCACCTGTAGGACCCGTT^ 



ACVIilFTIVVDILGNLLVIL- 



Fig. 5 

T GTC GGTGTATC 3GAACAAGrtAGCTCAGGAACGCA^gS3.3.c EC * ^ '^T, c c ti a.g ContinUSCl 

-31 — ^ 240 

ACAGCC\CATAGCCTTGTTCTTCGAGTCCT!^G^ 

SVYRNKXLRNAGNIrVVSLA- 



cggrggcagacctggcggtggccatttatccgtacccgtrggtgctgatgtcgacattta 
241 ^ * + + 300 

gccaccgrccggaccaccaccggcaaacaggcatgggcaaccacgactacagctataaat 
c VADLVVAIYPYPLVLMSIFN- 



acaacgggtggaacctgggctatctgcaccgccaagtcagtgggttcctgatgggcctga 
301 ^ ^ ^ ^ ^ 3g0 

tgttgcccaccttggacccgatagacgtgacggctcagtcacccaaggactacccggact 
c NGWNLGYLHCQVSGFLMGLS- 



gcgtcatcggctccatattcaacatcaccggcatcgccatcaaccgctacTGCTACATCT 
351 ^ ^ ^ ^ ^ ^ 420 

cgcagtagccgaggtataagttgtagtggccgtagcggtagttggcgatgACGATGTAGA 
c VIGSIFNITGIAINRYCYIC- 



GCCACAGTCTCAAGTACGACAAACTGTACAGCAGCAAGAACTC 
421 ^ZZZZ ^ * * * 

CGGTGTCAGAGTTCATGCTGTTTGACAT^ 

HS LKYDKLYSSKNSLCYVLL- 



Fig. 5 
Continued 



TCATATGGCTCCTGACGCTCKSCGGCCGTCCTGCCCAACCT^ 

481 ^ * ^ ^ + ^ 540 

AGTATACCGAGGACTGCGACCGCCGGCAGGACGGGTTGGAGGCACGTCCCTG^ 



IWLLTLAAVLPNLRAGTLQY 



ACGACCCGAGGATCrACTCGTGCACCrrCGCCG^GTCCGTCAG^ 

541 ^ + ^ + + i- 600 

TGCTGGGCTCCTAGATGAGCACCnXSGAAGCGGCnX^ 



DPRIYSCTFAQSVSSAYTIA- 



CCGTGGTGGTTTrCCACTTCCICGTCCCCAT^ 
501 ^ ^ + ^ ^ ^ ggO 

GGCACCACCAAAAGGTGAAGGAGCAGGGCTACrAGTATCAGrTAG^ 



VVVFHFLVPMIIVrPCYLRI 



TATGGATCCTGGTTCTCCAGGTCAGACAGAGaSTG^ 
561 ^ ^ ^ ^ ^ ^ 720 

ATACCTAGGACCAAGAGGTCCAGTCTGTCTCCCACTTT^ 



W r LVLQVRQRVK P D RKPKLK- 



Fig. 5 

.VVCCACAGGACTTCAGGAATTTTGTC^^ COfltinued 

721 * * ^ > * ^ 780 

TTGGTGTCCraAAGTCCTTAAAACAGTGGTACAAACACO^AAAACAGGAG^ 



PQDFRNFVTMFVVFVLFAIC 



GCTGGGCTCCTCTGAACTTCATTGGCCTG^ 

'81 ^- + -1* 840 

CGACCCGAGGAGACTTGAAGTAACCGGACCGGCACCGGAGACT^^ 



WAPLNFIGLAVASDPASMVP- 



CTAGGATCCCAGAGTGGCTGTTTGTGGCCAGTO 

841 ^ ^ -t- ^ ^ ^ 900 

GATCCTAGGGTCTCACCGACAAACACCGGTCAATGATGTACC^ 



RIPEWLFVASYYMAYFNSCL- 



TCAATGCCATTATATACGGGCTACTGAACCAAAATTTCAGGAAGGA^ 

901 + + ^ ^ -t- 960 

AGTTACGGTAATATATGCCCGATGACTTGGTTITAAAGTCCTrc 



NAIIYGLL.NQNFRKEYRRII 



Fig. 5 

TAGTCTCGCTCTGTACAGCCAGGGTG'rrC'l'l'i'GTGGACAGCTCT Conti nued 

J51 ^ ^ ^ ^ ^ ^ 1Q20 

ATCAGAGCGAGACATGTCGGTCCCACAAGAAACACCTGTCG^ 

VSLCTARVFFVDSSNDVADR- 



GGGTTAAATGGAAACCCrrcrCCACTGATGACCAACAATAATGTAGTAAAGCT 

1Q21 ^ ^ ^ -h ^ 1080 

CCCAATTTACCirTGGCAGAGGTGACTACTGGT^^ 

VKWKPS PLMTNNNVVKVDSV - (SEQ ID NO: 12) 
TrtTAA 

1081 1085 (SEQ ID N0:11) 

AAATT 



Fig. 6 



GGAGAGTCTGCGATGTCAGAGAACGGCTCCTTCGCCAACTGCTGCGAGGCGGGCGGCT 
CCTCTCAGACGCTACAGTCTCTTGCCGAGGAAGCGGTTGACGACGCTCCGCCCGCCCACC 
MSENGSFANCCEAGGW 



GCAGTGCGCCCGGGCTGGTCGGGGGCTGGCAGCGCGCGGCCCTCCAGGACCCCTCGACCT 
61 + + + ^ ^ ^ 

CGTCACGCGGGCCCGACCAGCCCCCGACCGTCGCGCGCCGGGAGGTCCTGGGGAGCTCG^ 
AVRPGWSGAGSARPSRTPRP 



CCCTGGGTGGCTCCAGCGCTGTCCGCGGTGCTCATCGTC^^ 

121 + + ^ ^ ^ ^ -j^gQ 

GGGACCCACCGAGGTCGCGACAGGCGCCACGAGTAGCAGTGGTGGCGGCACCTGC^ 
PWVAPALSAVLIVTTAVDVV 



Fig. 6 

GGCAACCTCCTGGTGATCCTCTCCGTGCTCAGGMCCGCAAGCTCCGGMCGCAG^^ ContinUed 
XSi + + + ^ ^ ^ 240 

CCGTTGGAGGACCACTAGGAGAGGCACGAGTCCTTGGCGTTCGA^ 
GNLLVILSVLRNRKLRNAGN 



TTGTTCri^TGAGTCTGGCATTGGCTGACCTGGTG^^ 

241 + * + ^ + ^ 300 

AACAAGAACCACTCAGACCGTAACCGACTGGACCACCACCGGAAGAT^^ 

LFLVSLALADLVVAFYPYPL 



ATCCTCGTGGCCATCTTCTATGACGGCTGGGCCCTGGG^ 
301 ^ + + + + ^. 350 

TAGGAGCACCGGTAGAAGATACTGCCGACCCGGGACCCCCTCCTCGTGACGTO 
ILVAIFYDGWALGEEHCKAS 



GCCrriOTGATGGGCCTGAGCGTCATCGGCTCTGTCTT^ 
351 ^ + ^ ^ ^ ^ 420 

CGGAAACACTACCCGGACTCGCAGTAGCCGAGACAGAAGTTATAGTGACGGTAGCGGT^ 
AFVMGLSVIGSVFNITAIAI 



AACCGCTACTGCTACATCTGCCACAGCATGGCCTACCACCGAATCTACCGGCGCTGGCAC 

421 * ^ ^ + * 480 

TTGGCGATGACGATGTAGACGGTGTCGTACCGGATGGTGGCTTAGATGG^ 

a NRYCYICHSMAYHRIYRRWH - 



ACCCCTCTGCACATCTGCCTCATCTGGCTCCTCACCGTGGTGGCCTTGCTGCCCMOT 
481 + ^ ^ ^ ^ ^ 

TGGGGAGACGTGTAGACGGAGTAGACCGAGGAGTGGCACCACCGGAACGACGGGTTGAAG 
TPLHICLIWLLTVVALLPNF 



TTTGTGGGGTCCCTGGAGTACGACCCACGCATCTATTCCTGCACCTTCATCCAGACCGCC 
541 + ^ ^ ^ ^ ^ 

AAACACCCCAGGGACCTCATGCTGGGTGCGTAGATAAGGACGTGGAAGTAGGTCTGGCGG 
FVGSLEYDPRIYSCTFIQTA 



AGCACCCAGTACACGGCGGCAGTGGTGGTCATCCACTTCCTCCTCCCTATCGCTGTCGTG 
601 + + + ^ ^ ^ 660 

TCGTGGGTCATGTGCCGCCGTCACCACCAGTAGGTGAAGGAGGAGGGATAGCGACAGCAC 
STQYTAAVVVIHFLLPIAVV 



TCCTTCTGCTACCTGCGCATCTGGGTGCTGGTGCTTCAGGCCCGCAGGAAAGCCAAG^ 
661 + + ^ ^ ^ ^ 720 

AGGAAGACGATGGACGCGTAGACCCACGACCACGAAGTCCGGGCGTCCTTTCGGTTCGGT 
SFCYLRIWVLVLQARRKAKP 



Fig. 6 

GAGAGCAGGCTGTGCCTGAAGCCCAGCGACTTGCGGAGCTTTCTAACCATGTTTG ContinUed 
721 + + + + + + 780 

CTCTCGTCCGACACGGACTTCGGGTCGCTGAACGCCTCGAAAGATTGGTACAAACACCAC 
ESRLCLKPSDLRSFLTMFVV 



TTTGTGATCTTTGCCATCTGCTGGGCTCCACTTAACTGCATCGGCCTCGCTGTGGCC^^ 
781 + + + + ^ 840 

AAACACTAGAAACGGTAGACGACCCGAGGTGAATTGACGTAGCCGGAGCGACACCGGTAG 
FVIFAICWAPLNCIGLAVAI 



AACCCCCAAGAAATGGCTCCCCAGATCCCTGAGGGGCTATTTGTCACTAGCTACTTACTG 

+ + + ^ ^ ^ 

TTGGGGGTTCTTTACCGAGGGGTCTAGGGACTCCCCGATAAACAGTGATCGATGAATGAC 
NPQEMAPQIPEGLFVTSYLL 



GCTTATTTCAACAGCTGCCTGAATGCCATTGTCTATgggCTCTTGAACCAAAACTTCCGC 
901 + + + ^ ^ ^ 950 

CGAATAAAGTTGTCGACGGACTTACGGTAACAGATAcccGAGAACTTGGTTTTGAAGG^ 
AYFNSCLNAIVYGLLNQNFR 



Fig. 6 

AGGGAATACAAGAGGATCCTCTTGGCCCTTTGGAACCCACGGCACTGCATTCAAG^ C 0 H ti H U ed 
^ ^ ^ ^ ^ ^ ^Q2o 

TCCCTTATGTTCTCCTAGGAGAACCGGGAAACCTTGGGTGCCGTGACGTAAGTTCTACGA 
REYKRILLALWNPRHCIQDA 



TCCAAGGGCAGCCACGCGGAGGGGCTGCAGAGCCCAGCTCCACCCATCATTGGTGTGCA^ 
1021 + + ^ + ^ 1080 

AGGTTCCCGTCGGTGCGCCTCCCCGACGTCTCGGGTCGAGGTGGGTAGTAACCACACGTC 
SKGSHAEGLQSPAPPIIGVQ 



CACCAGGCAGATGCTCTCTAGCCTG (SEQ ID NO: 1 5) 

1081 + ^ 1105 

GTGGTCCGTCTACGAGAGATCGGAC 

H Q A D A L * (SEQIDN0:16) 



Fig. 7 



xmr 
ov 



jonr 
ov 
hum 



I 



HMEVNSTCLDCRTPGTIRTEQDAQDSASQG LT 

MAGRLWGSPGGTPKGNGSSALLNVSQAAPGAGDGVRPRPSWLA 

II 



SALAWLIFTIVVDVLGNILVILSW.RNKXLQNAG^a.FWSLSIADLWAVYPYPVILI 
ATLASILIFTIVVDIVGNLLWLSM yRNKXLRNAG^f^FVVSLAVADLLVAVYPYPLALA 

G ^L rWSLAVADLWAI Y PY PLVLM 
III ~ 



xmr AIFQNGWTLGNIHCQISGFLMGLSVIGSVTNITAmiNRYCYlCHSLRYDKLYNQRSTW 
ov SIVNNGWSLSSLHCQLSGFLMGLSVIGSVFSITG33AINRYCCICHSLRY3KLYSGTNSL 
hum SIFNNGWNLGYLHCQV SGFLMGLSVIQSIFNITGI{A INRYCYICHSLKCDKLYSSKNSL 

IV V 



xmr C YLGLTOILTI lAIVPNFFVG SLQYDPRIFSCTFAQTVSSSYT ITWWHFIVPLSWT 
ov C YVFLIVfTLTLVAIVPNLCVG rLQYDPRIYSCTFTQSVSSAYT lAWVFHFIVPMLWV 
hum CYVLLIWLLTA . AVLPNLRRGTLQYEPRIYSCTFAQSVSSAYTIAVWFHFLVPMIIVI 



xmr FCYLRIWVLVI aVKHRVRQDFKQKLTQTDLRNFL "IMFWrVLFAVOJAPLNFIGLAVAI 
OV FCYLRIWALVLSVi^WKVKPDNKPKLKPQDFRNFVTMFWFVLFAICWAPLNFIGLWAS 
hum FCYLRIWILVLaVRQRVKPDRKPKLKPHDFRl>IFV'IMFWFVLFAICWAPLNFIGLAVAS 

VII 



VI 



xmr NPFHVAPKIPi 
ov DPASMAPRlPi 
hum DPASMVPRIPi 



FVLSYFMAYFNSCLNAVIYGVLNQNFRKEYKRILMSLLTPRLLFLD 
FVASYYMAYFNSCLNAIIYG LLNQNFRQBYRXIIVSLCTTKMFFVD 
FVAS YYMAYFNSCLNAI ISG ifWNQNFRKEYRRI IVSLVTARVFFVD 



xmr TSRGGTEGLKSKPS PAVTNNNQADMLGEARSLWLSRRNGAKMVI I IRPRKAQIAI IHQ IF 

ov SSNHVADRIKRKPSPLIANHNLIKVDSV* SEQ ID NO: 4 
hum SSNDVARDVKWKPSPLMTNNNWKVDSV* SEQ ID NO: 6 



xmr WPQSSWATCRQDTKITGEEDGCRELCKDGISQR 



SEQ ID NO: 2 



Fig. 8 



I 

- -'an MCGUuSAI-PiLiiQPVLRGDGA. . .RPSWLASAIJiCVLIrTr/VDILGNLLVILSVYRNKKLRMAGN^ 

C=U3 MM£VUS1C1CCRT?GT:RT£0CAQ0SASQG i-TSAIJVVVLIFTr/VuV- GtULVIlS'vXRNKKLCNAGN 6 

:;r.35"SU3 - ^-"^I~rATD— GN-LV-LSV-RNKKL-MAGM 

II III 

S.^.aec vrrv/3uAVAI3LLVAvT?Y?LALASr/NNGWSL3SLHCQL3GFuMGLSVIG5V^ - c 

-'-r.ar. :rv^3uAVA0LWAIY?YPLVLMSIrNNGW^rLGYLHCQVSGFI,MGLSVIGSI^^^ITGIAIKRY^^ '4 

y.er.ccus irv^/3L3IA::LWAVYPv?viL:AI?QNCWTLG:iIHCQISGf LMGLSVXGSVFN^ 

IV V 

ST.eeo N-SLCT/FL:>rrLTlVAIV?NLC/GTLCYCPRIYSCT?TQSVS3AYTIAV^VrHF 21" 

r: ^T. an MSLCTrwLIvn-LTlAAVLPNtRAGTLQYOPRIYSCTTAQS'/SSAYTIAVVV^ 22 - 

/.:snc?us or^CYLGLr^ILr::AI7PNFr/GSuQra?RIrSCTcAQr/SSSYTirAn/VHrI^^^ 22 £ 

Icnsansus ---CY--L-W-Lr — A--?M---G-L0YDPRI-3CTF-Q-VSS-'irTI-VW-K?-VP-.-V-rCYLRW-L^ 

VI VII 

3^.aeo :<?CNK?:<LX?QDFRNr/TMFVVFVLFAICWAPL>lFIGLWASDPASMAPRI?rWLF^ 31- 

-i'j.-nan KPDRKPKLKPQDFRNFVTMFVVFVtFAICTAPLNFIGLAVASDPASKVPRIPrWLFVAS^rfMAYFNSCU^^ 3 0 C 

Xenccus RCCFKCKLTQTClRNFLrMFWFVLFAVCWAPLNFrGLAVAINPFHVAPKX?£WLF^/L3YFHAYFNSC^^ 3 Q 5 

Zonsansus --a-K-KL-?-Q-?J^lF-TMFWFVLFA-OrAPLNFIGL-VA--P P-IPEWLFV-SY-HAYFNSCINA-IYG-LNQ 

Sneso MFRQ£YRKi:VSLCrr:<MFFVDSSr^KVADRrKRKPSPLIANHNLIX^ 366 ^f^^ 

->-jr.an ^IFRKEYRRI:VSLC7ARW^/DSSOTVADRVKWK?SPLMTNN^nA^KVDS^ 3 50 ^^EQ ID NOiiii; 

/.aacp'^s MFRKEYKRILMSLLTPRLLFLDTSRGGTSGLKSKPSPAVTONKQADMLGcARSLWLSRRNGAXMVirrRP 3 3 4 

2-nsansus MFR-rir--I--3L-T F-O-S KPSP— -M-N 



/.er.ccus Qrrr^POSSWATCRQDTKITGEEDGCRSLCXMISQR 420 (SEQ ID NO: 2) 



Fig. 9 




Fig. 10a 




Fig. 10b 
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Zenoptis receptor 
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Vehicle 



PTX 



Fig. 17 




17a 



17b 
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Fig. 18 
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Human la 




;COOH (S£QIDN0:16I 



8b 

I 



Humm b HSEffiSFMJCCEAOWAVRPGWSWWSARPSRTPRPPWVAPALSAVtlW 
X«nopu» MIEVliSICtOCRTPGTIRTEQDAQDSASQC tTSAIAVVLITriVVDVUWILVIIJfVUlHia^ 

Cenfl«nsua — AI.--VLI-T--VD--<»-LVltW.RM-ia-NACN.F-VSL--ADL-VA-YFrP-.L--rF--CW-L 

Hum«i1b ill 2 ▼ 

CEEHCKASAFV>«LSVICSVrNITAIAlNinfCYICHSIUYHRIYRIttlirrPUIlCLIWI^ 
HUMfl 1* <rfLHCQVSCriJ«LSVICSIFNITCIAINRYCYICHSLKCDICLYSSKKSl«VI^ 
X«nopus GNZHCQISCn^LMGL5VICSVFNXTAIAXNRYCYICKSLRY0KLYNQRSI1ICYLSX.W^ 

Consensus G—HC--S-F-IICLSVICS-FNIT-IAINRYCYICHS Y L-W-LT— A-*PN G-L-YOPRl-SCTF-Q—S— YT— VW-Hr—P V-FC 

Human lb 2E ZS 

YLRIWVLVLQARWCAKPESRLCUCPSOLRSFLTWVVFVIFAICMAPLNCIGLAVAIHPQ^^ 
HuMfl U YWIWtLVLQ\mQRVKPORKPKtJCPQOFRNFVTMFVVFVLrAICWAPL^ 
X«nopu« YUlXWVXQVKHRVRQOFKQKLTOTJUWFLTMFVVFVLFAVCWAPtNriGIAVAIKP^ 

consensus YLRIW-CV-Q U-.-O-R-F-TMFWFVLFA'ClfAPLil-XGXAVA— P P*XPE-LFV-SY— AYFNSCU(A-*YO-LligilFR-EY*RI-*-L— R 

Hunan lb hcIQOASKCSHAECLQSPAPPIICVQHQADAL 362 *° "°=^'' 

Human U VFPVOSSNOVAORVKWKPSPLMTNNNVVKVDSV 350 (S£QI0HO;12t 

X«nopus UADTSm^TmSLICSKPSPAVTNNNQAOMLGEARSt^LSRRNGAK^ 420 

Conssnsus 0-S P-p tSEQlDN0:21 



Fig. 19 
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PATENT 

ATTORNEY DOCKET NO: 00786/276001 
COMBINED DECLARATION AND POWER OF ATTORNEY 
As a below named inventor, I hereby declare that: 

My resid^ce, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
pat^t is sought <m the invention entitled HIGH-AFFINITY MELATONIN RECEPTORS AND USES 
THEREOF , the ^>ecification of which 

■ is attached hereto. 

□ was filed on as Application Serial No. 

and was amended on , 

□ was described and claimed in PCT Intematicmal Application No. 

filed on and as am^ded imder PCT Article 19 on 



I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose all information I know to be material to patentability in accordance 
with Title 37, Code of Federal Regulations, §1.56(a). 

I hereby claim the b^efit under Title 35, United States Code, §120 of any United States application(s) 
listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
prior United States application in the manner provided by the first paragraph of Title 35, United States Code, 
§112, I acknowledge the duty to disclose all information I know to be material to patentability as defined in 
Title 37, Code of Federal Regulations, §1. 56(a) which became available between the filing date of the prior 
q}plication and the national or PCT international filing date of this application: 

U.S. SERIAL NO. FILING DATE STATUS 

08/319,887 October 7, 1994 ■ Pending □ Issued □ Abandoned 

08/261.857 June 17. 1994 ■ Pending □ Issued □ Abandoned 



I hereby t^point the following attorneys and/or agents to prosecute this application and to transact all 
business in the Patent and Trademark Office connected therewith: Paul T, Clark. Reg. No. 30.162 . WUliam 
E. Booth, Reg. No. 28,933; Karl Bozicevic, Reg. No. 28,807; Barry E. Bietschneider, Reg. No. 28,055; 
Deirdre L. Conley, Reg. No. 36,487; Peter J. Devlin, Reg. No. 31,753; Valeta Gregg-Emery, Reg. No. 
35,127; Willis M. Ertman, Reg. No. 18,658; David L. Feigenbaum, Reg. No. 30,378; Carol L. Francis, Reg. 
No. 36,513; Janis K, Eraser, Reg. No., 34,819; John W. Freeman, Reg. No. 29,066; Timothy A. French, 
Reg. No. 30,175; Alan H. Gordon, Reg, No. 26,168; Scott C, Harris, Reg. No. 32,030; Mark J. Hebert, Reg. 
No., 31,766; Gilbert H. Hennessey, Reg. No. 25,759; Charles Hieken, Reg. No. 18,411; Robert E. Hillman, 
Reg. No. 22,837; G. Roger Lee, Reg. No. 28,963; Steven E, Lipman, Reg. No. 30,011; Gregory A. Madera, 
Reg. No. 28,878; Ralph A. Mittelberger, Reg. No. 33,195; Ronald E. Myrick, Reg. No. 26,315; Robert C. 
Nabinger, Reg. No., 33,431; Frank P. Porcelli, Reg. No. 27,374; Eric L. Prahl, Reg. No. 32,590; Alan D. 
Rosenthal, Reg. No. 27,833; Richard M, Sharkansky, Reg. No. 25,800; John M. Skwiyon, Reg, No. 27,468; 
Michael O, Sutton, Reg. No. 26,675; Rene D. Tegtmeyer, Reg. No. 33,567; Hans R. Troesch, Reg. No. 
36,950; John N. Williams, Reg. No. 18,948; Gary A. Walpert, Reg. No. 26,098; Dorothy P. Whelan, Reg. 
No., 33,814; and Charles C. Winchester, Reg. No. 21,040. 

Address all telephone calls to Paul T. Clark at telephone number 617/542-5070. 

Address all correspondence to Paul T. Clark. Fish & Richardson P.C., 225 Franklin Street, Boston, 
MA 02110-2804. 
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COMBINED DECLr^TlON AND POWER OF ATTO. .EY CONTINUED 



I hereby declare that all statemeats made herein of my own knowledge are true and that all statements 
made on informaticHi and belief are believed to be true; and further that these statements were made with the 
knowledge that willful fdse statements and the like so made are punishable by fine or imprisonm^t, or both, 
under Sectira 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the implication or any patents issued thereon. 

Full Name of Mventor: Steven M> Repoert 

Inventor's Signature: Date: 

Residence Address: Newton, MA 02166 

Citi2en of: United States of America 

Post Office Address: 34 Day Street. Newton. MA 02166 
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ATTORNEY DOCKET NO: 00786/250002 
COMBINED DECLARATION AND POWER OF ATTORNEY 
As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled HIGH-AFFINITY MELATONIN RECEPTORS AND 
USES THEREOF, the specification of which 

□ is attached hereto. 

X was filed on June 6, 1995 as Application Serial No. 08/466.103 
and was amended on . 

□ was described and claimed in PCT International Application No. 

filed on and as amended under PCT Article 19 on . 



I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose all information I know to be material to patentability in 
accordance with Title 37, Code of Federal Regulations, §L56(a). 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner provided by the first paragraph of Title 35, 
United States Code, §112, 1 acknowledge the duty to disclose all information I know to be material to 
patentability as defined in Title 37, Code of Federal Regulations, §1.56(a) which became available between 
the filing date of the prior application and the national or PCT international filing date of this application: 

U.S. SERIAL NO. FILING DATE STATUS 

08/319,887 October 7. 1994 ■ Pending □ Issued □ Abandoned 

08/261,857 June 17. 1994 ■ Pending □ Issued □ Abandoned 



I hereby appoint the following attorneys and/or agents to prosecute this application and to 
transact all business in the Patent and Trademark Office connected therewith: Paul T. Clark. Reg. No. 
30J62, William E. Booth, Reg. No. 28,933; Karl Bozicevic, Reg. No. 28,807; Barry E. Bretschneider, Reg. 
No. 28,055; Deirdre L. Conley, Reg. No. 36,487; Peter J. Devlin, Reg. No. 31,753; Valeta Gregg-Emery, 
Reg. No. 35,127; Willis M. Ertman, Reg. No. ISfiSS; David L. Feigenbaum, Reg. No. 30,378; Carol L. 
Francis, Reg. No. 36,513; Janis K. Eraser, Reg. No., 34,819; John W. Freeman, Reg. No. 29,066; Timothy 
A French, Reg. No. 30,175; Alan H. Gordon, Reg. No. 26,168; Scott C. Harris, Reg. No. 32,030; Mark J. 
Hebert, Reg. No., 31,766; Gilbert H. Hennessey, Reg. No. 25,759; Charles Hieken, Reg. No. 18,411; 
Robert E. Hillman, Reg. No. 22,837; G. Roger Lee, Reg. No. 28,963; Steven E. Lipman, Reg. No. 30,011; 
Gregory A. Madera, Reg. No. 28,878; Ralph A Mittelberger, Reg. No. 33,195; Ronald E. Myrick, Reg. No, 
26,315; Robert C. Nabinger, Reg. No,, 33,431; Frank P. Porceili, Reg. No. 27,374; Eric L. Prahl, Reg. No. 
32,590; Alan D. Rosenthal, Reg. No. 27,833; Richard M. Sharkansky, Reg. No. 25,800; John M. Skenyon, 
Reg. No. 27,468; Michael O. Sutton, Reg. No. 26,675; Rene D. Tegtmeyer, Reg. No. 33,567; Hans R. 
Troesch, Reg. No. 36,950; John N. Williams, Reg. No. 18,948; Gary A. Walpert, Reg. No. 26,098; Dorothy 
P. Whelan, Reg. No., 33,814; and Charles C. Winchester, Reg. No. 21,040. 

Address all telephone calls to Paul T. Clark at telephone number 617/542-5070. 



Address all correspondence to Paul T. Clark . Fish & Richardson P.C., 225 Franklin Street, 
Boston, MA 02110-2804. 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patents issued thereon. 



Full Name of Inventor: STEVEN M. REPPERT 




Inventor's Signature: ^ ^^^/U^ H^/U^ (r^f ^ I) l^f^jP 

Residence Address: NEWTON, MA 02166 



Citizen of: UNITED STATES OF AMERICA 



Post Office Address: 34 DAY STREET. NEWTON. MA 02166 



Full Name of Inventor: TAKASHI EBISAWA 
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